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APPEAL BRIEF 



I. Real Party in Interest 

The real party in interest in this appeal is: Gregory Gene Steiner 

II. Related Appeals and Interferences 

Appellant is not aware of any appeals or interferences that will directly affect, or 
be directly affected by, or have a bearing on the Board's decision in this appeal. 

III. Status of Claims 

There are a total of 16 claims in the application, 13 of which are pending and stand 
rejected. 

The status of all claims are: 

Claims canceled: Claims 7-9 (cancelled). 

Claims withdrawn from consideration but not canceled: NONE. 

Claims objected to: NONE. 

Claims allowed or confirmed: NONE. 

Claims rejected: Claims 1-6 (rejected) and Claims 10-16 (rejected). 
The claims on appeal are: Claims 1-6 (previously presented, rejected) and Claims 10-16 
(previously presented, rejected). 
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IV. Status of Amendments 

There have been no amendments filed subsequent to the final rejection. 

In a request for reconsideration after final, Appellant offered to amend claim 1 to 
further distinguish the claimed invention over the prior art. Specifically, Appellant 
offered to amend the preamble of claim 1 from "A method for treating alcohol craving . . 
. to "A method for reducing the craving for alcohol in individuals who are actively 
abusing alcohol . . . Request for Reconsideration After Final, dated July 6, 2005, at p. 
3. In the Advisory Action mailed July 19, 2005, the Examiner determined that 
Appellant's argument and proffered amendment did not place the application in condition 
for allowance. Advisory Action mailed July 19, 2005, continuation sheet. 

V. Summary of the Claimed Subject Matter 

The present invention claims a novel therapeutic method for the treatment of the 
cravings associated with addictions and compulsive behavior and a composition of matter 
therefore, said composition comprising an effective amount of at least one alpha-pyrone 
compound having the structural formula: 



wherein Rl is a hydrogen atom or an alkoxy radical having 1 to 4 carbon atoms, R2 is a 
hydrogen atom or a hydroxyl group, and R3 is a styryl or phenethyl radical optionally 
substituted by one or two methylenedioxy radicals or one or two hydroxyl groups and/or 
one or two alkoxy radicals having from 1 to 4 carbon atoms or one or two alkoxy radicals 
having from 1 to 4 carbon atoms, with the proviso that, when R2 is a hydroxyl group, 



Rl 




'O 
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then R3 is necessarily an unsubstituted phenethyl radical, in a physiologically acceptable 
carrier medium. Specification filed June 17, 2000, a copy of which is attached as 
document no. 1 in the Appendix of Evidence ("Specification"), pages 3 through 10 
(generally); pages 6-7 (drawings of alpha-pyrone chemical structures); pages 6-7 
(description of biochemical mechanisms); pages 9 (dosage and acceptable carriers); and 
page 10 (clinical trials). 1 
Claims Group I: Claims 1-6 and 10-22 . 

Independent claim 1 claims a method of treating alcohol craving by administering 
an effective amount of the above-defined anti-craving composition of matter. 
Specification, pages 3-4, 6-7, 8 and 10. 

Claims 2-6 and 10-12 depend upon claim 1 and describe different methods for 
administering the composition. Specification, pages 9-10. 
Claims Group II: Claims 13-16. 

Independent claim 1 3 claims a non-alcoholic beverage formulated to simulate the 
taste and aroma of an alcoholic beverage and containing an effective amount of the above 
defined anti-craving composition of matter. Specification, pages 9-10. 

Claims 14-16 depend upon claim 13 and describe non-alcoholic beverages 
formulated to simulate the taste and aroma of different types of alcoholic beverages. 
Specification, pages 9-10. 

VI. Grounds of Rejection to Be Reviewed on Appeal 

The grounds of rejection presented for review are as follows: 

1 The application was filed by Appellant pro se, and there are no line numbers in the specification to 
reference. 
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(1) Whether the claimed invention is anticipated by or obvious in view of Cherksey (US 
5,234,947). 2 

(2) Whether the claimed invention is anticipated by or obvious in view of Umbdenstock 
(US 5,332,579). 3 

(3) Whether the claimed invention is anticipated by virtue of the doctrine of inherency. 

(4) Whether the treatment of withdrawal symptoms in addicts is patentably distinct from 
the treatment of craving in addicts. 

VII. Argument 

Rejections Under 35 U.S.C. § 102 

Claims 1-3, 6 and 12-16 stand rejected under 35 U.S.C. § 102 as being anticipated 
by Cherksey (US 5,234,947). Final Office Action mailed April 13, 2005 ("Final Office 
Action"), at p. 2. 

Claims 1, 2 and 13 stand rejected under 35 U.S.C. § 102 as being anticipated by 
Umbdenstock (US 5,332,579). Ibid, 
Rejections Under 35 U.S.C. § 103 

Claims 4 and 5 stand rejected under 35 U.S.C. § 103 as being unpatenable over 
Cherksey (US 5,234,947). Final Office Action, p. 3. 

Claims 3-6 and 13-16 stand rejected under 35 U.S.C. § 103 as being unpatenable 
over Umbdenstock (US 5,332,579). Ibid. 



2 A copy of Cherksey is attached as document no. 2 in the Appendix of Evidence. 

3 A copy of Umbdenstock is attached as document no. 3 in the Appendix of Evidence. 
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1. The Claimed Invention is not Anticipated by or Made Obvious in View of 
Cherksev 

A. As to Claims Groups I and II: 

Cherksey describes a group of organic aromatic compounds having a chemical 
structure that is similar, but not the same, as the group of compounds claimed by 
Appellant. The R' group of Cherksey corresponds to the R3 position of the kava pyrone 
compounds claimed by Appellant. In the compounds of Cherksey, R' is a hyrdogen, 
lower alkyl, lower alkenyl or arakyl group. In the kava pyrones claimed by Appellant, 
R3 is a styryl or phenethyl radical. None of the compounds claimed by Cherksey exhibit 
an aromatic ring at position 3 (R'), whereas all the kava pyrones claimed by Appellant 
do. 

While Cherksey makes vague references to kava pyrones, he discusses only one, 
kawain. 4 Cherksey goes on to state that "[i]t has unexpectedly been found that the 
substitution of a lower alkyl group for the more bulky aromatic group enhances the 
potassium channel activation effects of the compounds" (Col. 6 lines 65-68.) There are 
no kava pyrones wherein a lower alkyl group is substituted for the aromatic group. All 
kava pyrones have an aromatic group at R3. Specification, at pages 6-7. 

By altering the one kava pyrone described in Cherksey, and by structurally 
excluding all kava pyrones by substituting a lower alkyl group for the bulky aromatic ring 
group in position R3, Cherksey teaches a method utilizing a composition of matter that is 
structurally distinct from the kava pyrones utilized in the subject invention. As such the 
claimed invention (Claims Groups I and II) include a limitation not described by 
Cherksey and Cherksey does not anticipate the method or composition of matter of the 
claimed invention. 

By altering the one kava pyrone described in Cherksey, and by structurally 
excluding all kava pyrones by substituting a lower alkyl group for the bulky aromatic ring 



4 Cherksey characterizes kawain as a potassium channel activating substance (col. 6 lines 63-64) without 
any supporting evidence, reference or data. The study and data included in the Cherksey disclosure do not 
pertain to kawain or any other kava pyrone. The putative study was done on avena pyrone, a pyrone 
derived from oats, not a kava pyrone derived from the kava plant. There is also no literature support for the 
proposition that any kava pyrone is a potassium channel activator. Cherksey recognizes this when he states 
that it is not know that kava pyrones are postassium channel activators (col. 7 lines 2-4). Accordingly, 
Cherksey' s statement that kawain is a potassium channel activator is left unsubstantiated. 
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group in position R3 5 Cherksey teaches away from the claimed invention rendering the 
invention unobvious in view of Cherksey. 

Cherksey also does not teach the use of kava or kava pyrones to reduce craving in 
active addicts and alcoholics. Cherksey teaches the use of potassium channel activating 
substances, one of which is a structurally altered kawain, to treat the physical symptoms 
consequent to withdrawal and recovery. Cherksey does not teach the use of kava 
pyrones, in any form, to address the craving or the addiction itself. 

Appellant is the first person known to have tested the use of kava pyrones on 
substance abusers while they were actively abusing the substance. Appellant's study 
demonstrated that kava pyrones are effective in reducing and sometimes stopping the 
consumption of alcohol among active alcoholics. Specification, page 10. Appellant's 
data demonstrates a decrease in craving and addiction among alcoholics prior to the onset 
of withdrawal or recovery. Ibid. 
B. As to Just Claims Group II: 

Claims Group II claims a non-alcoholic beverage formulated to simulate the taste 
and aroma of an alcoholic beverage containing at least one alpha-pyrone compound. 
Cherksey teaches a method for activating potassium channels to treat, inter alia, 
addiction, through a group of organic aromatic compounds having a chemical structure 
that is similar to, but distinct from, the kava pyrones claimed by Appellant. Cherksey 
does not include the limitation of a non-alcoholic beverage formulated to simulate the 
taste and aroma of an alcoholic beverage. 

"A claim is anticipated only if each and every element as set forth in the claim is 
found, either expressly or inherently described, in a single prior art reference." MPEP § 
2131 at 2100-76 (8th Ed. Rev. 3 Aug. 2005), quoting Verdegaal Bros. v. Union Oil Co. 
Of California, 814 F.2d 628, 631, 2 USPQ2d 1051, 1053 (Fed. Cir. 1987), cert denied, 
484 U.S. 827 (1987). Cherksey does not teach, expressly or inherently, the use of kava 
kava as a non-alcoholic beverage formulated to simulate the taste and aroma of an 
alcoholic beverage to function as an anti-craving agent in the treatment of alcoholism. 

The Examiner contends that "the taste parameters recited in claims 14-16 are 
inherent properties of kava kava." Office Action mailed August 1 7, 2004. There is no 
support in the record, or otherwise, for this proposition. Anyone knowledgeable about 
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the kava kava would appreciate that there is nothing about the taste of this substance that, 
when made into a beverage, might resemble the taste and aroma of alcohol. Accordingly, 
Claims Group II is neither anticipated, nor obvious, in view of Cherksey. 

2. The Claimed Invention is not Anticipated by or Obvious in View of Umbenstock. 

A. As to Claims Groups I and II: 

The subject invention claims a method for treating alcohol craving through the 
administration of an alpha-pyrone compound, as well as the apha-pyrone compounds 
formulated to simulate the taste and aroma of alcoholic beverages. Umbdenstock teaches 
a method to enhance diets and assist persons recovering from addiction to health 
damaging substances comprising the oral administration of a nutritional supplement that 
contains a great variety of vitamins, minerals, herbs and amino acids. 

Umbdenstock first describes a nutritional supplement for the treatment of cravings 
in general. (Col. 8, lines 7-18). Kava kava is not mentioned, nor suggested, as an 
ingredient in the composition for the nutritional supplement taught to treat cravings when 
craving is discussed by Umbdenstock in the generic. 

Umbdenstock next teaches that "[t]he nutritional supplements of the subject 
invention should be different for each addition." (Col. 9, lines 23-25). Umbdenstock 
lists those primary and secondary nutrients applicable to all cases to include Vitamins C 
and A, Beta Carotene, etc., (col. 9, lines 25-30 and table at col. 9, lines 48-69), followed 
by the preferred formula for treating smoking cessation (col. 9, lines 30-34 and table at 
col. 10 lines 48-53) and finally for alcohol treatment (col. 9, 34-38 and table at col. 10 
line 60 to col. 1 1 line 7). There is no mention, nor suggestion, of the herb kava kava in 
any of these formulations. Only with respect to the treatment of food addiction (col. 9, 
line 39 to col. 10 line 23) does Umbdenstock even mention kava kava, and then only as 
one of 14 optional herbs within a composition that emphasizes vitamins, minerals and 
amino acids. 

As appreciated by Umbdenstock, the physiological and psychological 
underpinnings of cravings are different for different types of substance abuse addictions. 
See, e.g., Coffey et al., Trauma and substance cue reactivity in individuals with comorbid 
posttraumatic stress disorder and cocaine or alcohol dependence^ Science Direct, Vol. 
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65 Issue 2, 1 January 2002, pages 115-127, a copy of which is attached to the Appendix 
of Evidence as document no. 5 and entered in the record in the context of Appellant's 
Amendment and Response dated December 17, 2004. 

Moreover, Umbdenstock does not teach any one herb, or even a combination of 

herbs, for the treatment of substance abuse. Rather, Umbdenstock discloses a method of 

treating substance-abuse related cravings comprising the oral administration of a 

nutritional substance that must contain a broad range of vitamins and minerals and, 

optionally, could contain herbs taken from a broad group that includes kava kava. It is 

clear from the disclosure in the Umbdenstock patent that Umbdenstock failed to 

appreciate that kava kava was capable of functioning as an anti-craving agent in the 

treatment of recovering alcoholics. 

When the compound is not specifically named, but 
instead it is necessary to select portions of teachings within 
a reference and combine them, e.g., select various 
substituents from a list of alternatives given for placement 
at specific sites on a generic chemical formula to arrive at a 
specific composition, anticipation can only be found if the 
classes of substituents are sufficiently limited or well 
delineated. Ex parte A, 17 USPQ2d 1716 (Bd. Pat. App. & 
Inter. 1990). If one of ordinary skill in the art is able to "at 
once envisage" the specific compound within the generic 
chemical formula, the compound is anticipated. . . . One 
may look to the preferred embodiments to determine which 
compounds can be anticipated. In re Petering, 301 F.2d 
676, 133 USPQ 275 (CCPA 1962). 



Compare In re Meyer, 599 F.2d 1026, 202 USPQ 175 
(CCPA 1979) (A reference disclosing "alkaline chlorine or 
bromine solution" embraces a large number of species and 
cannot be said to anticipate claims to "alkali metal 
hypochlorite.") 

MPEP § 2131.02, 2100-79 (8th Ed. Rev. 3 Aug. 2005) (emphasis supplied). One skilled 
in the art of nutrition for recovering substance abuse addicts would not, having read 
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Umbdenstock, "at once envisage" the use of kava kava as a central ingredient in a 
nutritional supplement for the treatment of recovering alcoholics. 

Claims Groups I and II teach a method for treating alcohol craving through the 
administration of an alpha-pyrone compound. Umbdenstock teaches a method to enhance 
diets and assist persons recovering from addiction to health damaging substances 
comprising the oral administration of a nutritional supplement that contains a great 
variety of vitamins, minerals, herbs and amino acids. In the formula for a supplement to 
treat food addictions, Umbendstock mentions kava kava as one of 14 herbs that may 
optionally be employed together with vitamins, minerals and amino acids. Umbdenstock 
does not teach a method for the treatment of alcohol addiction through the administration 
of a composition containing alpha-pyrones. 

"Evidence showing there was no reasonable expectation of success may support a 
conclusion of nonobviousness. In re Rinehart, 531 F.2d 1048, 189 USPQ 143 (CCPA 

1976) See also Amgen, Inc. v. Chugai Pharmaceutical Co., 927 F.2d 1200, 1207-08, 

18 USPQ2d 1016, 1022-23 (Fed. Cir.), cert denied, 502 U.S. 856 (1991)." MPEP § 
2143.02, 2100-139 8th Ed. Rev. 3 Aug. 2005). One skilled in the art of treating 
individuals recovering from substance abuse illnesses would not, in view of 
Umbdenstock, harbor a reasonable expectation that one of 14 optional herbs could form 
an effective central ingredient in a nutritional supplement for the treatment of alcoholism. 

Umbdenstock teaches away from the claimed invention. According to 
Umbdenstock, "no individual nutrient generally meets the cellular needs of the addictive 
individual as effectively as the synergistic aspect of the above-combination of 
substances." (Col. 8, lines 41-44). Umbdenstock would not consider a supplement that 
was comprised solely of herbs, or that even emphasized herbs, as being effective in the 
treatment of cravings. Herbs play a role that is optional, and clearly subservient, to the 
role played by vitamins, minerals and amino acids in the nutritional formulae of 
Umbdenstock. 

Umbdenstock also does not teach the use of kava or kava pyrones to reduce 
craving in active addicts and alcoholics. Umbdenstock' s vague reference to kava kava is 
only as an optional ingredient in one of a variety of complex nutritional supplements 
claimed useful to "assist persons recovering from addiction". 



9 



Appln. No.09/596,362 
Appeal Brief 

Appellant is the first person known to have tested the use of kava pyrones on 
substance abusers while they were actively abusing the substance. Appellant's study 
demonstrated that kava pyrones are effective in reducing and sometimes stopping the 
consumption of alcohol among active alcoholics. Specification, page 10. Appellant's 
data demonstrates a decrease in craving and addiction among alcoholics prior to the onset 
of withdrawal or recovery. Ibid. 

Accordingly, the methods described in the Group I Claims and the compositions 
described in the Group II Claims are neither anticipated by, nor obvious in view of, 
Umbdenstock. 

B. As to Just Claims Group II: 

Claims Group II claims a non-alcoholic beverage formulated to simulate the taste 
and aroma of an alcoholic beverage containing at least one alpha-pyrone compound. 
Umbdenstock teaches a nutritional supplement that may, optionally, contain an alpha- 
pyrone compound. However, Umbdenstock does not teach a non-alcoholic beverage 
formulated to simulate the taste and aroma of an alcoholic beverage. 

"A claim is anticipated only if each and every element as set forth in the claim is 
found, either expressly or inherently described, in a single prior art reference." MPEP § 
2131 at 2100-76 (8th Ed. Rev. 3, Aug. 2005), quoting Verdegaal Bros. v. Union Oil Co. 
Of California, 814 F.2d 628, 631, 2 USPQ2d 1051, 1053 (Fed. Cir. 1987). 
Umbdenstock does not teach, expressly or inherently, the use of kava kava as a non- 
alcoholic beverage formulated to simulate the taste and aroma of an alcoholic beverage to 
function as an anti-craving agent in the treatment of alcoholism. Nor is there any 
suggestion in Umbdenstock to this effect. As such the Claims Group II are neither 
anticipated by, nor obvious in view of, Umbdenstock. 

3. The Claimed Invention (Claims Group I) is not Anticipated By Virtue of the 
Doctrine of Inherency. 

The Examiner cites to In re May, 574 F.2d 1082, 1090, 197 USPQ 601, 607 
(CCPA 1978) and In re Tomlinson, 363 F.2d 928, 934, 150 USPQ 623, 628 (CCPA 
1966) for the proposition that the discovery of a new use for an old product/composition 
is finding a property in the old composition/product, and to Altas Powder Co. V. Ireco 
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Inc., 190 F.3d 1342, 1347, 51 USPQ2d 1943, 1947 (Fed. Cir. 1999) and In re Best, 562 
F.2d 1252, 1254, 195 USPQ 430, 433 (CCPA 1977) for the proposition that claiming a 
new use, new function or unknown property, which is inherently present in the prior art, 
does not necessarily make the claim patentable. Office Action mailed August 17, 2003, 
pp. 3 & 6; Final Office Action, p.4. Appellant respectfully submits that these cases are 
inapposite. 

Claims Group I claim a method describing "new use of a known composition of 
matter" within the meaning of 35 U.S.C. § 100(b). Appellant has not claimed as novel 
and unobvious a property or characteristic that is inherent in a known composition of 
matter. Appellant discovered of the usefulness of a property or characteristic that is 
inherent to kava pyrones, to wit, as an anti-craving agent in the treatment of alcoholics. 
Appellant is claiming this new use, not the property or characteristic that inheres in the 
known composition, as his invention in the context of the Claims Group I claims. 

It is Appellant's newly discovered use, not a newly discovered physical property 
or characteristic, that forms the patentable subject matter of Appellant's independent 
method claim. Neither Cherksey nor Umbdenstock described, nor appreciated, that kava 
pyrones inhered the property or characteristic that makes them useful by themselves as an 
anti-craving agent in the treatment of alcoholics. 

In Application of Marshall, 578 F.2d 301, 304 (CCPA 1978), the Federal Court 
found patentable method claims directed to weight control processes comprising 
anesthetizing nerve endings in the digestive track by administering oxethazaine, thereby 
inhibiting the release of hormones. The court found there that the claims where not 
anticipated by virtue of the doctrine of inherency notwithstanding a prior art PDR 
reference teaching the use of drugs containing oxethanzaine to inhibit the release of the 
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hormone gastrin and to treat a variety of gastroenterologic disorders because "[njothing 

in the PDR remotely suggests taking oxenthazaine to lose weight." Id. 

A finding of anticipation requires that each and every limitation is found either 

expressly or inherently in a single prior art reference. Celeritas Techs. Ltd. v. Rockwell 

Int'l Corp., 150 F.3d 1354, 1360 (Fed. Cir. 1998), cert denied, 525 U.S. 1106 (1999). 

To anticipate under the doctrine of inherency, evidence must make clear that the missing 

descriptive matter is necessarily present in the thing described in the reference. Dayco 

Prods., Inc. v. Total Containment, Inc., 329 F.3d 1358, 1369 (Fed. Cir. 2003); 

Continental Can Co. USA v. Monsanto Co., 948 F.2d 1264 (Fed. Cir. 1991). The fact 

that a certain thing "may" but not "necessarily" result is not sufficient to establish 

inherency. In re Robertson, 169 F.3d ? 743, 745 (Fed. Cir. 1999). 

To serve as an anticipation when the reference is silent 
about the asserted inherent characteristic, such gap in the 
reference may be filled with recourse to extrinsic evidence. 
Such evidence must make clear that the missing descriptive 
matter is necessarily present in the thing described in the 
reference, and that it would be so recognized by persons of 
ordinary skill. 

Continental Can Co. USA v. Monsanto Co., 948 F.2d at 1268. Similarly, "[w]hen 
anticipation is based on inherency of limitations not expressly disclosed in the assertedly 
anticipating reference, it must be shown that the undisclosed information was known to 
be present in the subject matter of the reference." Elan Pharmaceuticals, Inc. v. Mayo 
Foundation for Medical Education and Research, 304 F.3d 1221, 1227 (Fed. Cir. 2002), 
rehearing en banc granted, opinion vacated by, 314 F.3d 1229 (Fed. Cir. 2002), and 
replaced by, 346 F.3d 1051, 1052 (Fed. Cir. 2003) ("we clarify that invalidity based on 
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anticipation requires that the assertedly anticipating disclosure enabled the subject matter 
of the reference and thus of the patented invention without undue experimentation"). 

Neither Cherksey nor Umbdenstock suggests, describes, or provides evidence that 
the group of kava pyrones claimed by Appellant inhere properties or characteristics such 
that they would be useful, by themselves, to treat craving in addicts. Cherksey does not 
even describe kava pyrones, only a variety of potassium channel activators one of which 
is an kava pyrone derivative. Umbdenstock describes kava pyrones only as an optional 
ingredient in a complex recipe, and then only with reference to food addiction. Neither 
reference describes unmodified kava pyrones as having a property or characteristic useful 
by themselves to treat craving in addicts. Accordingly, Claims Group I is not anticipated 
by virtue of the doctrine of inherency. 

4. The Treatment of Withdrawal Symptoms of Addiction is Patentablv Distinct 
From the Treatment of Craving in Addiction 

Both Cherksey and Umbdenstock describe substances for the treatment of 
physical symptoms consequent to withdrawal. It is the Examiners position that 
"treatment of withdrawal symptoms necessarily treat craving." Advisory Action, 
continuation sheet. 5 Appellant respectfully differs. 

5 The Examiner's position, explained in greater detail in the Final Office Action, at pp. 4-5, is as follows: 

An individual experiencing withdrawal from alcohol use, craves for the 
alcohol and thus although, applicant says that withdrawal and craving 
are not the same, it is clear that alcohol addition has elements of 
craving for the alcohol and an addict that has withdrawn from the use 
also experiences craving and hence the withdrawal effect called 
syndrome. Addiction/dependence and craving and withdrawal are 
related. There will be no withdrawal without dependence, there will be 
no dependence without craving. The American Family Physician 
article provided by applicant recognizes that treatment of withdrawal 
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Use of a substance in the treatment of withdrawal symptoms arising from 
addiction does not anticipate, nor does it render obvious, use of the same or similar 
substance to counteract the sensation of craving experienced by the addict. One skilled in 
the art of addictions would not equate withdrawal symptoms and craving, nor would one 
skilled in the art of addictions assume a drug that effectively treats one would be effective 
for the other. 

Alcohol withdrawal symptoms are a result of specific biochemical changes in the 

brain due to chronic exposure to alcohol. The biochemical basis of alcohol withdrawal 

symptoms is well described by Bayard M, Mclntyre J, Hill KR, Woodside J Jr., Alcohol 

withdrawal syndrome, Am Fam Physician. 2004 Mar 15;69(6): 1443-50, as follows: 

Alcohol withdrawal syndrome is mediated by a variety of 
mechanisms. The brain maintains neurochemical balance 
through inhibitory and excitatory neurotransmitters. The 
main inhibitory neurotransmitter is gamma-aminobutyric 
acid (GABA), which acts through the GABA-alpha 
(GABA-A) neuroreceptor. One of the major excitatory 
neurotransmitters is glutamate, which acts through the N- 
methyl-D-aspartate (NMD A) neuroreceptor. 

Alcohol enhances the effect of GABA on GABA-A 
neuroreceptors, resulting in decreased overall brain 
excitability. Chronic exposure to alcohol results in a 
compensatory decrease of GABA-A neuroreceptor 
response to GABA, evidenced by increasing tolerance of 
the effects of alcohol. 

Alcohol inhibits NMDA neuroreceptors, and chronic 
alcohol exposure results in up-regulation of these receptors. 
Abrupt cessation of alcohol exposure results in brain 
hyperexcitability, because receptors previously inhibited by 
alcohol are no longer inhibited. Brain hyperexcitability 
manifests clinically as anxiety, irritability, agitation, and 
tremors. Severe manifestations include alcohol withdrawal 
seizures and delirium tremens. 

Bayard et al. (a copy of which is attached to the Appendix of Evidence as 
document no. 6 and entered in the record in the context of Appellant's Amendment and 



should be followed by treatment of dependence. The symptoms of 
withdrawal applicant refer[sic] to appear to overlap the symptoms of 
craving." Final Office Action, pp. 4-5. 
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Response dated December 17, 2004) provides, in Table 2, a comprehensive listing of 
alcohol withdrawal symptoms. Craving is not among the listed symptoms. 

Williams D, Lewis J, McBride A., A comparison of rating scales for the alcohol- 
withdrawal syndrome, Alcohol and Alcoholism, 2001 Mar-Apr;36(2): 104-8 (a copy of 
which is attached to the Appendix of Evidence as document no. 8 and entered in the 
record in the context of Appellant's Amendment and Response dated December 17, 
2004) comprises a literature review of studies that evaluated alcohol withdrawal 
symptoms and rating scales. This exhaustive review considers all varieties of withdrawal 
symptoms. Craving is not among the withdrawal symptoms listed by any of the 
literature reviewed. 

O'Brien CP, Childress AR, Ehrman R, Robbins SJ., Conditioning factors in drug 
abuse: can they explain compulsion?, J. Psychopharmacol. 1998;12(l):15-22, a copy of 
which is attached to the Appendix of Evidence as document no. 7 and entered in the 
record in the context of Appellant's Amendment and Response dated December 17, 2004, 
define craving as the primary motivating factor in drug use and the appropriate target of 
behavioral interventions. 

Robinson TE, Berridge KC, The neural basis of drug craving: an incentive- 
sensitization theory of addiction, Brain Res Brain Res Rev. 1993 Sep-Dec;18(3):247-91, 
(a copy of which is attached to the Appendix of Evidence as document no. 9 and entered 
in the record in the context of Appellant's Amendment and Response dated December 17, 
2004), refer to craving and relapse as the defining characteristics of addictions. They state 
that drug craving is fundamental to addiction. Addicts develop an obsessive craving for 
drugs so irresistible that it almost inevitably leads to drug seeking and drug taking. 
Singleton EG, Gorelick DA, Mechanisms of alcohol craving and their clinical 
implications, Recent Dev Alcohol. 1998;14:177-95 define craving as an outcome 
measure with craving reduction interpreted as treatment success (a copy of which is 
attached to the Appendix of Evidence as document no. 10 and entered in the record in the 
context of Appellant's Amendment and Response dated December 17, 2004). 

Craving is distinct from withdrawal in the science of addiction. Craving is why 
an addict continues to be an addict. Without craving, there is no addiction. Craving is the 
definition of being an addict. Addicts do not have withdrawal symptoms, they only have 
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craving. An alcoholic may or may not have withdrawal symptoms when he or she has 
stopped drinking, but the alcoholic will have craving for alcohol both before and after he 
or she has stopped drinking. This craving is unrelated to withdrawal symptoms. 

An anti-craving agent is designed to treat the addict while the addict is still 
drinking so the addict can stop drinking and is no longer driven by craving to drink. The 
addict may then develop withdrawal symptoms, but such withdrawal symptoms are not 
related in any way to craving. The goal is to provide the alcoholic who wants to quit an 
anti-craving agent that will cause the addict's desire to drink to cease. Treating 
withdrawal symptoms does not treat the addition and does not assist the addict to stop 
drinking. Treating withdrawal symptoms only addresses the physical discomfort that 
sometimes accompanies the cessation of drinking. 

Craving and withdrawal have a different biochemistry and a different locus of 
operation in the brain. Withdrawal symptoms are well defined physical symptoms that 
have a well understood brain biochemistry. While the biochemistry of craving is less 
understood, much is now known with the advent of new scanning technology. The 
location of craving in the brain involves the dopaminergic neurons of the nucleus 
accumbens in the mesocorticolimbic reward system. Craving and withdrawal symptoms 
have different biochemistry and different locus of operation in the brain. 

Craving and withdrawal symptoms have different methods of assessment, 
different biochemistry and different locations in the brain. Craving leads to addiction 
while withdrawal symptoms are the result of addiction. Drugs and methodologies used to 
treat craving are typically different from drugs and methodologies used to treat 
withdrawal. A drug claiming patentability for the treatment of withdrawal symptoms 
would presumably have no applicability for the treatment of craving. And, in any case, 
the "obviousness to try" test is not the appropriate test to determining anticipation and 
obviousness in the context of specific compositions and methods developed by inventors. 
In re Tomlinson, 363 F.2d 928, 931, 150 USPQ 623, (CCPA 1966). 

By way of analogy, no one would claim that a drug used to help repair damage 
caused by a stroke would anticipate or render obvious that this same drug would similarly 
by useful in preventing stroke. This is because, logically, one would expect the 
biochemistry of stroke prevention to be entirely different from the biochemistry of stroke 
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recovery. Similarly, there is no logical reason to expect that a drug or substance useful in 
assisting persons to cope with the physical symptoms of withdrawal would be useful in 
treating the phenomena of craving that is wholly independent of the withdrawal 
symptoms. 

Finally, it is noted that patents have issued for methods for the treatment of 
craving without regard to whether the method is also effective in respect to withdrawal 
symptoms. See, e.g., Breiter (U.S. 6,517,812), a copy of which is attached to the 
Appendix of Evidence at document no. 4. 



Whereas Claims Groups I and II are neither anticipated by, nor obvious in view 
of, Cherksey or Umbdenstock; Claims Group I is not anticipated by virtue of the doctrine 
of inherency; and neither Cherksey nor Umbdenstock include the Claims Group II 
limitation of a non-alcoholic beverage formulated to simulate the taste and aroma of an 
alcoholic beverage, nor does either suggest or allude to such a limitation; the invention 
described in Claims Groups I and II is patentable and should be allowed. 

This appeal brief is being mailed within two months of the August 15, 2005 date 

of receipt of the Notice of Appeal, together with the applicable $250 small entity fee 
therefore. 37 CFR § 41.20(a)(2). Authority is given to charge Deposit Account No. 
501 198 for any unpaid or underpaid fee. 



Conclusion 



Respectfully Submitted, 




Seth M. Reiss, Reg. No. 30,21 1 
Godbey Griffiths Reiss Chong, LLLP 



1001 Bishop Street 
2300 Pauahi Tower 
Honolulu, HI 96813 



Phone: (808) 523-8894 

Fax: (808) 523-8899 

Email: seth.reiss@lex-ip.com 
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VIII, Appendix of Claims 

The text of the claims involved in the appeal are as follows: 

Claim 1 (previously presented): A method of treating alcohol craving by administering an 
anticraving composition of matter, comprising an effective amount of at least one alpha- 
pyrone compound having the structural formula: 

Rl 

wherein Rl is a hydrogen atom or an alkoxy radical having 1 to 4 carbon atoms, R2 is a 
hydrogen atom or a hydroxyl group, and R3 is a styryl or phenethyl radical optionally 
substituted by one or two methylenedioxy radicals or one or two hydroxyl groups and/or 
one or two alkoxy radicals having from 1 to 4 carbon atoms or one or two alkoxy radicals 
having from 1 to 4 carbon atoms, with the proviso that, when R2 is a hydroxyl group, 
then R3 is necessarily an unsubstituted phenethyl radical, in a physiologically acceptable 
carrier medium. 

Claim 2 (previously presented): The method of claim 1, wherein said alpha-pyrone 
compound is one or more of the alpha-pyrones found in the plant Piper methysticum. 

Claim 3 (previously presented): The method of claim 1, wherein the anticraving 
composition of matter is administered in the form of a pill. 

Claim 4 (previously presented): The method of claim 1, wherein the anticraving 
composition of matter is administered in the form of a gum. 

Claim 5 (previously presented): The method of claim 1, wherein the anticraving 
composition of matter is administered in the form of a transdermal patch. 
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Claim 6 (previously presented): The method of claim 1, wherein the anticraving 
composition of matter is administered in the form of a liquid. 

Claims 7-9 (cancelled) 

Claim 10 (previously presented): The method of claim 1 wherein said anticraving 
composition is administered orally by way of a non-alcoholic wine beverage. 

Claim 11 (previously presented): The method of claim 1 wherein said anticraving 
composition is administered orally by way of a non-alcoholic beer beverage. 

Claim 12 (previously presented): The method of claim 1 wherein said anticraving 
composition is administered orally by way of a distilled spirit beverage in regard to which 
the alcohol has been removed and replaced by kavapyrones. 

Claim 13 (previously presented): A non-alcoholic beverage formulated to simulate the 
taste and aroma of an alcoholic beverage and containing a composition of matter 
comprising an effective amount of at least one alpha-pyrone compound having the 
structural formula: 




wherein Rl is a hydrogen atom or an alkoxy radical having 1 to 4 carbon atoms, R2 is a 
hydrogen atom or a hydroxyl group, and R3 is a styryl or phenethyl radical optionally 
substituted by one or two methyl enedioxy radicals or one or two hydroxyl groups and/or 
one or two alkoxy radicals having from 1 to 4 carbon atoms or one or two alkoxy radicals 
having from 1 to 4 carbon atoms, with the proviso that, when R2 is a hydroxyl group, 
then R3 is necessarily an unsubstituted phenethyl radical, in a physiologically acceptable 
carrier medium. 

Claim 14 (previously presented): The non-alcoholic beverage of claim 13 formulated to 
simulate the taste and aroma of wine. 



r 
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Claim 15 (previously presented): The non-alcoholic beverage of claim 13 formulated to 
simulate the taste and aroma of beer. 

Claim 16 (previously presented): The non-alcoholic beverage of claim 13 formulated to 
simulate the taste and aroma of distilled spirits. 
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5. Coffey et al., Trauma and substance cue reactivity in individuals with comorbid 
posttraumatic stress disorder and cocaine or alcohol dependence. Science Direct, 
Vol. 65 Issue 2, 1 January 2002, pages 1 15-127. 

6. Bayard M, Mclntyre J, Hill KR, Woodside J Jr., Alcohol withdrawal syndrome, 
American Family Physician. 2004 Mar 15;69(6):1443-50. 

7. (Abstract only) O'Brien CP, Childress AR, Ehrman R, Robbins SJ., Conditioning 
factors in drug abuse: can they explain compulsion?, J. Psychopharmacol. 
1998;12(l):15-22. 

8. Williams D, Lewis J, McBride A., A comparison of rating scales for the alcohol- 
withdrawal syndrome, Alcohol and Alcoholism, 2001 Mar-Apr;36(2): 104-8. 

9. Robinson TE, Berridge KC, The neural basis of drug craving: an 
incentive-sensitization theory of addiction, Brain Res Brain Res Rev. 1993 Sep- 
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10. (Abstract only) Singleton EG, Gorelick DA, Mechanisms of alcohol craving and 
their clinical implications, Recent Dev Alcohol. 1998;14:177-95 
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TITLE: ALPHA- PYRONE COMPOSITIONS FOR CONTROLLING CRAVING AND 
AS A SUBSTITUTE FOR ALCOHOL 

CROSS-REFERENCE TO RELATED APPLICATION: Provisional 
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BACKGROUND -Field of the invention 



compositions comprising.- at least one alpha-pyrone as the 
active principal thereof, and to the use of such 
compositions for treating cravings and as a substitute 
for alcohol. 



The present invention relates to. nove 
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Description of Prior Art 

Biochemical investigation of addiction has focused on the 
loci of action of the substance of abuse in the brain. A great 
deal is known about the receptor sites for the substances of 
abuse. Many drugs have been designed to react with the 
receptor sites for substances of abuse in an effort to find an 
effective treatment for addiction. Considerable knowledge has 
developed regarding the chemicals produced in the synaptic 
cleft associated with the substances of abuse and the drugs 
designed to treat addiction. To date a variety of drugs have 
been developed in an attempt to control the craving of 
addiction. However, to date no effective anti-craving 
medication has been developed in light of the fact that 
treatment of addiction remains psychological in nature. 

Addictions to alcohol and drugs cause great physical and 
financial harm to the addict and to society. Efforts to 
develop effective treatments for addictions have been 
unsuccessful. Temperance and legislative efforts to restrict 
access to drugs and alcohol have failed. 

Alpha-pyrones for the treatment of cravings and/or as a 
substitute for alcohol have no references in prior art. 
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SUMMARY OF THE INVENTION 



A major object of the present invention is the provision 
of compounds of the alpha-pyrone type for reducing the craving 
associated with addiction and compulsive behavior. Another 
significant object of the present invention is the 
incorporation of an effective amount of alpha-pyrones in non- 
alcoholic beer , non-alcoholic wine and non-alcoholic distilled 
spirits as an effective carrier for the anticraving agents. 

In addition, an effective amount of alpha-pyrones added 
to non-alcoholic beer, non-alcoholic wine and non-alcoholic 
distilled spirits creates a novel alcohol substitute designed 
to provide the positive effects of alcohol such as stress 
reduction and anxiety control without the negative health and 
social effects of alcoholic beverages. 

Briefly, the present invention features novel therapeutic 
compositions for the treatment of the cravings associated with 
addictions and compulsive behavior comprising in a 
physiologically acceptable medium, at least one alpha-pyrone 
having the following structural formula: 



in which Rl is a hydrogen atom or an alkoxy radical having 1 
to 4 carbon atoms, R2 is a hydrogen atom or a hydroxyl group, 
and R3 is an alkyl radical having from 1 to 4 carbon atoms or 



Rl 





a styryl or phenethyl radical optionally substituted by one or 
two methylenedioxy radicals or one or two hydroxyl groups 
and/or one or two alkoxy radicals having from 1 to 4 carbon 
atoms, with the proviso that, when R2 is a hydroxyl group, 
then R3 is necessarily an unsubstituted phenethyl radical; 
with the future proviso that when R3 is an alkyl radical 
having. 1 to 4 carbon atoms, then Rl and R2 cannot both be 
hydrogen . 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention involves administered alpha-pyrones 
that reduce the cravings of addictions and reduce compulsive 
behavior. In this invention craving means obsessive compulsion 
for indulgence in substances that are classed as psychoactive 
drugs and/or acts which enhances the effect of endogenous and 
/or exogenous neuropeptides, neorotransmitters and 
psychoactive agents. Psychoactive drugs include but are not 
limited alcohol, opiates, stimulants, barbiturates, nicotine 
and food. Compulsive acts include but are not limited to 
sexual acts and other compulsive behaviors. 

Additionally the invention involves the addition of 
alpha-pyrones to non-alcoholic beer, non-alcoholic wine and 
non-alcoholic distilled spirits as an alcohol substitute. 

Alpha-pyrones called kavapyrones are naturally found in 
the kava plant (Piper methysticum) . Kava is consumed in order 
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to achieve a relaxed state with a positive mood and a mild 
euphoria. Kava is intoxicating when large amounts are 
consumed. However, because kava is nonaddicting (Lebot V. 
1992) and does not cause craving or tolerance/dependence, 
intoxication is essentially unheard-of. The lack of craving 
and tolerance/dependence results from an effective amount of 
active alpha-pyrones in kava acting 1 on the dopaminergic 
neurons of the nucleus accumbens . 

The commonly accepted actions of the alpha-pyrones found 
in kava which are referenced in the literature are as an anti- 
anxiety agent (Voltz 1997) , antidepressant (Warnecke G et al 
1998), euphoriant (Baum SS et al., 1998), muscle relaxant 
(Seitz 1997) , analgesic (Jamieson 1990) , anticonvulsant 
(Kretzschmar R 1969) and as a topical treatment for hair loss 
(US558368) . Kava consumption has been found to be directly 
correlated with a reduction in cancer incidence for a number 
of South Pacific Nations and is being studied as an effective 
anticancer agent (unpublished data) . 

Kavapyrones have become popular in the west as anti- 
anxiety agents. No side effects have been identified when used 
on a daily basis in moderate amounts (German Commission E) . 
Years of daily use have been found to cause a dermatologic 
scaling that is reversed when the drug is discontinued (Norton 
SA et al . , 1994). No irreversible side effects have been 
noted. 
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Among the alpha-pyrone compounds comprising the 
therapeutic compositions of the invention are the following: 
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8. 5 f 6-Dehydfomethysticin 



12. 11-Methoxy-yangonin 



OMe 



OMe 




OMe 




OMe 



9, 5,6-Dihydroyangonin 



13. 11-Hydroxy-yangonin 



OMe 




OMe 




10. 7,8-Dihydroyangonin 14 - Hydroxykavain 

OMe 



OMe 




HO^ 



"0 0 




OMe 



All of these alpha-pyrones compounds are per se known to this 
art. 

The anticraving effects of kavapyrones are mediated 
through the dopaminergic neurons of the nucleus accumbens in 



the mesocorticolimbic dopamine reward system. This system is 
not only responsible for the craving of substances of abuse 
but is also the same mechanism that produces natural 
motivation for food, water, sex etc. When kavapyrones are 
administered in vivo by microdialysis into the nucleus 
accumbens, increasing doses of kavapyrones produces increased 
levels of dopamine (Baum, 1998) . The kavapyrone 
desmethoxyyangonin produces an increase in dopamine while the 
kavapyrone yangonin decreases dopamine to undetectable levels 
(Baum SS et al . , 1998). It is through the mesocorticolimbic 
dopamine reward system kava increases dopamine in pathways 
which produce euphoria and an anticraving effect by acting as 
an antagonist for those dopaminergic neurons responsible for 
acute craving and its effect on 5-HT (Baum SS et al . , 1998). 

Kavapyrones are known to influence the function of GABAA 
receptors. It is through the influence on the GABAA receptor 
that kava produces anxiolytic effects similar to alcohol, 
benzodiazepines and barbiturates. However, alcohol, 
benzodiazepines and barbiturates are known antagonists of NMDA 
while kava is an agonist (Walden J et al., 1997). This finding 
supports the fact that kava produces either a mildly 
stimulating or a mildly sedating effect depending on the 
preparation and dose. It is also this difference that explains 
why kava produces little effects on mental and motor function 
and seldom causes intoxication. 
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The alpha-pyrone compounds are preferably employed in 
doses ranging from approximately 5 mg to 600 mg every three to 
four hours depending on the severity of the craving, the 
specific alpha-pyrone and the weight of the patient. 

Alpha-pyrones known as kavapyrones are present in the 
plant Piper methysticum. The kavapyrones may be extracted 
using one of a number of known extraction techniques. These 
compounds may also be synthesized according to a variety of 
processes described in the literature. 

A physiologically accepted medium used to carry an 
effective amount of alpha-pyrone can be an inert carrier such 
as in pill form or as a gum. The physiologically accepted 
medium used to carry the effective amount of alpha-pyrones in 
a transdermal patch requires the addition of organic solvents 
to facilitate transport of the alpha-prone across the skin for 
systemic distribution. 

Addictions are complex physiologic and psychological 
disorders that require treatment of both the mental and 
physical aspects of the addiction for success. In alcoholism, 
it has been found most ideal to not only treat the craving for 
alcohol but to also satisfy the patients desire for the taste, 
the feeling and the act of drinking. For this reason a novel 
aspect of the invention involves the addition of an effective 
amount of alpha-pyrones to non-alcoholic beer, non-alcoholic 
wine and non-alcoholic distilled sprits. In this manner the 
taste, experience and a similar feeling is achieved when 
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drinking the non-alcoholic alpha-pyrone beverage. When an 
ef fective ;,ainount of alpha-pyrone is substituted for alcohol in 
beer, wine or distilled sprits patient compliance improves 
along with the reduction in craving and an improved abstinence 
from alcohol . 

In clinical trails 80% of alcoholics report a resolution 
of craving for alcohol. In trials for tobacco, cocaine and 
heroine 100% of the respondents reports a reduction in their 
craving after consuming an effective amount of alpha-pyrones . 

In a double blind placebo controlled study of alcoholics, 
patients receiving an effective amount of alpha-pyrone 
achieved abstinence form alcohol more frequently than those 
taking the placebo (P=.05). 

The most effective physiologically acceptable medium used 
to carry an effective amount of alpha-pyrone for the treatment 
of the cravings of alcoholism has been found to be non- 
alcoholic beverages that mimic the taste, appearance and 
effect of alcoholic beverages . In this instance the alcoholic 
patient is not deprived of the enjoyment of his/her beverage 
of choice and is not required to alter his/her social habits 
while abstaining form alcohol. The addition of an effective 
amount of alpha-pyrone for the treatment of craving to non- 
alcoholic beer, non-alcoholic wine and non-alcoholic distilled 
sprits provides an ideal delivery medium which produces muscle 
relaxation, stress reduction, mild euphoria and a reduction in 
the craving for the substance of abuse. 
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What is claimed is 




1. #&i ad^^-ist^^ composition of matter, 
comprising an anticraving effective amount of at least one 
alpha-pyrone compound having the structural formula in which 
Rl is a hydrogen atom or an alkoxy radical having 1 to 4 
carbon atoms, R2 is a hydrogen atom or a hydroxyl group, and 
R3 is an alkyl radical having from 1 to 4 carbon atoms or a 
styryl or phenethyl radical optionally substituted by one or 
two methylenedioxy radicals or one or two hydroxyl groups 
and/or one or two alkoxy radicals having from 1 to 4 carbon 
atoms, with the proviso that, when R2 is a hydroxyl group, 
then R3 is necessarily an unsubstituted phenethyl radical, 
with the~£uto*^ proviso that when R3 is an alkyl radical 
having 1 to 4 carbon atoms, then Rl and R2 cannot both be 
hydrogen, in a physiologically acceptable carrier medium. 

2. The compds±t t tUn' as defined by claim 1, wherein said alpha- 
pyrone compound is one or more of Jtha alpha-pyrones found in 



co mpo f 



1^6/^ ^^^^^^^^^^ 

4. A cenriprmitiofi fes def ined'j^^Srar 1, >fcompr 

5. A cGfftptTsition ks defined l3y claim 1, compri 
transdermal patch. 
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6. J&t c^lly^a^ aisadaEHpPe 

effects in a beverage, designed to look and taste like an 
alcoholic beverage comprising an effective amount of at least 
one alpha-pyrone compound having the structural formula in 
which Rl is a hydrogen atom or an alkoxy radical having 1 to 4 
carbon atoms, R2 is a hydrogen atom or a hydroxyl group, and 
R3 is an alkyl radical having from 1 to 4 carbon atoms or a 
styryl or phenethyl radical optionally substituted by one or 
two methylenedioxy radicals or one or two hydroxyl groups 
and/or one or two alkoxy radicals having from 1 to 4 carbon 
atoms, with the proviso that, when R2 is a hydroxyl group, 
then R3 is necessarily an unsubstituted phenethyl radical, 
with the further proviso that when R3 is an alkyl radical 
having 1 to 4 carbon atoms, then Rl and R2 cannot both be 
hydrogen. / - / 



7. 




i as d'etined by ciaim b, comprising a non- 




9. A cgmpos-i-t-ian as defined by claim 6, comprising, a non- 
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ABSTRACT 

Administered anticraving compositions are disclosed for 
treating patients with addictions comprising an effective 
amount of at least one alpha-pyrone compound formulated into a 
physiologically acceptable carrier medium. Additionally, novel 
compositions are disclosed as substitutes for alcoholic 
beverages comprising an effective amount of at least one 
alpha-pyrone compound formulated into a non-alcoholic beer, 
non-alcoholic wine and non-alcoholic distilled spirits. 
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Abstract 

Although the high comorbidity of posttraumatic stress disorder (PTSD) and substance use 
disorders has been firmly established, no laboratory-based studies have been conducted to 
examine relationships between the two disorders. Using cue reactivity methodology, this 
study examined the impact of personalized trauma-image cues and in vivo drug cues on drug- 
related responding (e.g: craving) in individuals with PTSD and either crack cocaine (CD) or 
alcohol dependence (AD). CD and AD groups displayed reactivity to both trauma and drug 
cues when compared to neutral cues, including increased craving. However, the AD group 
was more reactive than the CD group to both classes of cues. The CD participants were more 
reactive to trauma-image cues if drug-related material was included in the image while the 
AD participants were reactive to the trauma cues regardless of drug-related content. It is 
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hypothesized that PTSD-related negative emotion may play a relatively more important role 
in the maintenance of AD when compared to CD. Evidence that substance dependent 
individuals with PTSD report increased substance craving in response to trauma memories is 
offered as a potential contributing factor in the poorer substance abuse treatment outcomes 
previously documented in this comorbid population. 

Author Keywords: Drug dependence; Posttraumatic stress disorder; Comorbidity; Cue 
reactivity; Emotion; Imagery 
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1. Introduction 

Recently, numerous studies have shown that induced negative emotion increases craving in 
alcohol dependent individuals (e.g. Cooney; Litt and Rubonis). For example, Rubonis and 
colleagues (1994) found that personalized alcohol-related negative mood induction prior to 
alcohol cue exposure increased reactivity to an alcohol cue in alcohol dependent men and 
women. Cooney et al, (1 997) found that personalized negative emotional cues unrelated to 
alcohol use (i.e. guided imagery) increased alcohol craving in alcohol dependent males. 
Moreover, craving elicited by negative emotional cues combined with in vivo alcohol cues 
were significant predictors of time to relapse in these men. These studies have used a 
laboratory-based research methodology known as cue reactivity to elucidate the role that 
emotion may play in the maintenance of, and relapse to, substance use. Cue reactivity refers 
to a phenomenon in which individuals with a history of drug dependence exhibit verbal, 
physiological, and behavioral responses to cues associated with their preferred substance of 
abuse. These associated cues may be emotional, cognitive, or physical in nature. The 
responses elicited by the cues differ from verbal, physiological, and behavioral responses to 
non-substance-related control cues (see Dr ummo nd et al.. 1 995). 

Although the role of negative emotion has been studied in substances other than alcohol (e.g. 
Childress; .Coffey and Maude), very little experimental work has been conducted on cocaine 
dependence. Recently, however, the effects of psychological stress on cocaine craving have 
been examined using a laboratory-based paradigm ( SinhaetaL 1999 ). Neutral and 
personalized stress imagery tasks were presented to 10 cocaine abusers followed by ratings 
of cocaine craving and anxiety. Participants reported higher cocaine craving and anxiety 
following the personalized imagery stress task than following the neutral image. In contrast, 
CannoiLetM^ using a correlational design, found that substance use during negative 
emotional states was reported more often by alcohol dependent males than by cocaine 
dependent males. In addition, within males dependent on both cocaine and alcohol, alcohol 
use was more likely than cocaine use during periods of negative emotion. Thus, the literature 
appears to be equivocal regarding the relation of negative emotion and drug-related responses 
in cocaine dependence. Therefore a goal of the present study was to examine the role of 
negative emotion in cocaine dependence. 

The reviewed literature suggests that emotion may play an important modulatory role in 
substance use disorders (SUD). This would suggest that persons with a SUD and a comorbid 
disorder with strong emotional features may be particularly reactive to emotional and 
substance cues. A comorbid population that has received growing attention and has strong 
emotional features is SUD-posttraumatic stress disorder (PTSD) comorbid individuals 
(Grice; Najavks; Brown and Back ). In addition to the high co-occurrence of SUD and PTSD, 
there is evidence that PTSD may be uniquely deleterious to SUD treatment outcome. For 
example, comparisons between SUD-PTSD comorbid patients and patients with either a 
SUD alone or a SUD and a comorbid psychiatric condition other than PTSD reveal that 
SUD-PTSD patients have a higher addiction severity, are more likely to have comorbid 
psychiatric disorders, have poorer substance use treatment outcome, and have a higher 
number of inpatient admissions ( Brady ; Najavits : Brown and Ouimette ). 

One possible explanation for the high prevalence of PTSD within SUD populations and this 
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group's poorer treatment outcome is the presence of PTSD-related negative emotion. 
Intrusive symptoms in the form of memories, dreams, or flashbacks are one of the core 
diagnostic symptom clusters of PTSD according to the Diagnostic and Statistical Manual 
(DSM-IV; American Psychiatric Association. 1994). To meet diagnostic criteria, the 
intrusion symptoms must be significantly distressing. Therefore, for individuals with SUD- 
PTSD, negative emotional states resulting from intrusive symptoms, as well as other 
symptoms of PTSD, are relatively common and disturbing experiences and may adversely 
affect their substance abuse treatment. 

The present study was designed to investigate whether cues that produce traumatic memories 
and images would elicit substance craving and other related responses in SUD-PTSD 
comorbid individuals. Individuals with PTSD and either cocaine or alcohol dependence were 
presented with personalized trauma-image cues and neutral-image cues followed by drug- 
related or neutral cues. Following presentation of the cues, participants rated their emotional 
and drug-related responses elicited by the imagery scripts and the drug and neutral cues. We 
predicted trauma cues and drug cues would each increase drug craving and related responses 
over responses elicited by the neutral cues. Due to the nature of victimization in SUD 
populations, we also wished to determine if the presence of drug-related verbal content 
within personalized imagery scripts would modulate cue reactivity. In addition, there is some 
data suggesting that negative emotion may have a differential effect depending on the 
individual's preferred substance ( Ca nnon etal. ? 1992), therefore, a secondary goal of the 
study was to compare the pattern of cue reactivity in cocaine and alcohol dependent 
participants. To date, no study that we are aware of has directly examined CD and AD 
subjects in parallel cue reactivity paradigms. 

2. Methods 

.2.1. Study overview 

Cocaine dependent (CD) and alcohol dependent (AD) individuals with PTSD participated in 
a laboratory-based cue reactivity protocol that consisted of two sessions. The first session 
was an assessment session to determine study eligibility. During the second session, 
participants were administered a two-phase cue reactivity protocol. The first phase was the 
presentation of an imagery cue delivered via headphones. The cue was either a narrative 
description of the participant's worst crime-related traumatic event (e.g. rape by a stranger) or 
a narrative of a neutral cue (e.g. brushing one f s teeth). Immediately following the imagery 
phase, the second phase involved the presentation of an in v/vocue, either cues related to the 
participant's preferred substance (e.g. Jack Daniel's whisky) or neutral cues (e.g. wood chips). 
Although the imagery cue always preceded the in vivo cue, the two cues in each phase were 
fully counterbalanced. Following each cue combination, participants rated both cue types. 

2.2. Participants 

Thirty individuals meeting current diagnostic criteria for PTSD and CD and 45 individuals 
meeting diagnostic criteria for PTSD and AD (DSM-IV; APA, 1994) were recruited from 
inpatient and outpatient substance use treatment programs at the Medical University of South 
Carolina (a tertiary care teaching hospital) and local treatment facilities in the Charleston, SC 
area. All participants met PTSD diagnostic criteria as a result of a criminal victimization 
experience (e.g. direct physical or sexual assault either as a child or as an adult) and reported 
use of their preferred substance within 60 days of the laboratory session. Individuals were 
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excluded if they met diagnostic criteria for a psychotic disorder, were currently experiencing 
a manic episode, or were experiencing severe depression. In addition, individuals were 
excluded if they were engaged in PTSD-related treatment. Participants were not excluded if 
they met dependence criteria for a substance other than cocaine or alcohol. In addition, while 
all CD participants reported their preferred substance was cocaine, they were not excluded if 
they also met diagnostic criteria for AD. Likewise, all AD participants reported that their 
preferred substance was alcohol but were not excluded if they met diagnostic criteria for CD. 
All CD participants were dependent on crack cocaine. Demographic information on the CD 
and AD groups is provided in Ta b l e 1. All participants were treated in accordance with the 
% Ethical Principles of Psychologists and Code of Conduct* ( American Psychological 
AsMciat^ 1992) and all participants were financially compensated for their participation. 



Table 1. Mean (S.D.) participant characteristics 




2.3. Instruments 

2.3.1. Diagnostic measures 

2.3.1.1. Structured Clinical Interview for the DSM-IV (SCID-IV): 

Psychiatric suitability for study inclusion and substance use disorder was determined using 
the SCID-IV (First et ajU J 996). The substance use section of an earlier version of the SCID- 
IV (SCID-III-R; Spitzer and Williams. 1986 ) has demonstrated good validity ( Kranzler et 
a!L 1996) and has shown high interrater reliability for substance use disorders ( Skre et al. 3 
1991). 

2.3.1.2. National Women's Study (NWS) PTSD Module and the Clinician Administered PTSD scale: 

Information regarding participants' trauma history was collected with the NWS PTSD 
Module (Kil patrick et aL 1989 1 a structured interview modified from the Diagnostic 
Interview Schedule used in the National Vietnam Veterans Readjustment Study (NVVRS; 
Kulka elaL, 1990). DSM-IV criterion was used to identify reported traumas that satisfied 
PTSD Criterion A, the necessary stressor criterion for PTSD. For study inclusion, however, it 
was required that participants report at least one crime-related Criterion A event that 
significantly contributed to the diagnosis of PTSD. Crime-related events were defined as a 
direct physical or sexual assault that occurred in either childhood or adulthood. Concurrent 
validity with the SCID-PTSD module was good and reliability was also acceptable ( Resnick 
et aL 1 993). The clinician administered PTSD scale (CAPS; Blake etaL 1995). a 
psychometrically sound structured clinical interview, was used as the diagnostic tool for 
current PTSD. 

2.3.2. Self-report ratings of trauma, craving, drug dependence, and mood 

To measure trauma-related symptoms, the Impact of Event Scale-Revised (IES-R; Weiss and 
Marm^l 997) was used. Items on the IES-R represent the three DSM-IV PTSD symptom 
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clusters of intrusion, avoidance, and arousal. Craving was measured using two scales. The 
Cocaine Craving Questionnaire-Now (CCQ-Now; Tiffany etal., 1993) assesses current 
craving for cocaine and was administered to the CD group while the Alcohol Craving 
Questionnaire (ACQ-Now; Singleton et 1 995) assesses current craving for alcohol and 
was administered to the AD group. Likewise, drug dependence was measured using two 
scales. To assess alcohol-related problems and symptoms, the Short Michigan Alcoholism 
Screening Test (SMAST; Selzeret aL 1975 ) was administered to the AD group while the 
Drug Abuse Screening Test (DAST; Skinne r. 1982) was used to assess drug involvement. 
Finally, the Beck Depression Inventory (BDI; Beck etal., 1961) was administered to all 
participants to assess for depressive symptoms. 

2.4. Imagery cues 

Two classes of imagery cues were employed in the study: a personalized trauma script and a 
neutral script. The personalized trauma cue was a 50 s audiotaped narrative presented over 
headphones. Information for the trauma script, which vividly described the participants* 
worst crime-related trauma from the first person perspective, was collected during the 
assessment session. Participants' selected their neutral imagery script from a pool of five 
standard 50 s neutral scripts that have been used in previous research and contain 
descriptions of multiple sensory dimensions to assist in the production of vivid images 
(Coffey and Probes). During the assessment session, participants read and rated the five 
scripts on valence (i.e. pleasantness) and arousal dimensions. For each participant, the script 
rated closest to neutral on both dimensions was selected for presentation. 

2.5. In vivo cues 

Two classes of in vivo cues were employed in the study: drug cues and neutral cues. For the 
AD group, the drug cue was the sight and smell of the participants 1 preferred alcoholic 
beverage. The beverage was presented in a clear glass container directly under the 
participants' nose on an adjustable-height table in his or her typical manner of consumption 
(e.g. Jack Daniels over ice). The bottle of the participants' preferred brand of alcohol also 
was presented with the label facing the participant. Since all CD participants used crack 
cocaine, the drug cue for the CD group was the sight of a small, clear bag of simulated crack 
cocaine, the participants 1 preferred style of crack pipe, and a lighter presented on a small tray. 
To further promote drug craving, participants were told that the simulated crack cocaine was 
authentic cocaine. 

The neutral cue for both the AD and CD groups were wood chips presented on a small tray. 
However, to control for olfactory alcohol cues presented to the AD group, the wood chips for 
the AD group were aromatic cedar chips, while for the CD group the woods chips were less 
fragrant pine chips. 

2.6. Ratings of the imagery and in vivo cues 

Self- Assessment Manikin (SAM; Bradley and Hodes ) was used to rate the imagery and in 
vivo cues on the dimensions of valence, arousal, and dominance using a graphical computer 
version of SAM. This task involves changing the appearance of a computerized cartoon 
figure to correspond to each dimension of emotion being rated (e.g. SAM's valence rating 
ranges from a figure with a large smile to a figure with a pronounced frown, arousal ratings 
range from a figure that appears drowsy to an agitated figure, and the dominance ratings 
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range from a very small figure to a very large figure). This method of rating subjective 
emotions has been used by researchers investigating emotional responses to stimuli (Hodes; 
Miller and Bradley). 

Visual analog scale ratings (VAS) were used by participants to rate both the in vivo cues and 
the imagery cues. Participants rated their level of craving in response to the stimuli, their 
desire to consume their preferred substance when presented with the stimuli (i.e. approach), 
their desire to avoid consuming their preferred substance when presented with the stimuli 
(i.e. avoidance) and the vividness of the imagery cues. All four VAS ratings consisted of 21- 
point line ratings on a computer monitor with 'not at all' and "very much so' serving as 
anchors for the scales. Both VAS and SAM ratings were recorded automatically and stored 
directly on a computer for later analysis. 

2.7. Procedure 

All participants were screened either in person or over the telephone for the possible presence 
of either AD or CD and the presence of a PTSD Criterion A event. Based on positive 
findings in the initial screening, potential participants were scheduled for an assessment 
session 

2,7.1. Assessment session 

The study design and goals were described to all participants and informed consent was 
obtained. In addition to the standard study description, CD participants were told that they 
would view authentic crack cocaine during the experimental session. The mild deception was 
employed to increase the likelihood that the procedure would produce elevations in craving 
for the CD group. 

To establish study eligibility, an experienced research assistant interviewed participants. The 
SCID-IV, NWS PTSD module, and CAPS were used to (a) establish current AD or CD; (b) 
assess for exclusionary psychiatric diagnoses; (c) assess participants' victimization history 
and to establish the presence of the necessary Criterion A stressor for PTSD; and (d) 
establish a current diagnosis of PTSD. It was not required that the diagnosis of PTSD be 
associated with a singular crime-related event because most participants had experienced 
multiple victimizations. However, it was required that the participant relate at least 75% of 
reported PTSD symptoms to one or more crime-related event that satisfied Criterion A for 
PTSD. 

If participants met study inclusion and exclusion criteria following the structured interviews, 
they were asked to describe their worst crime-related trauma. Participants were told that the 
information they provided would be included in a 50 s audiotaped narrative that would be 
presented to them over headphones during the laboratory session. Participants were 
encouraged to include multiple sensory dimensions in their victimization description, 
including physical sensations, thoughts, emotions, olfactory cues, visual details, and events 
that they avoided due to the trauma or elicit memories of the trauma. Finally, AD and CD 
participants completed the SMAST and DAST, respectively, and all participants completed 
the IES-R. Upon completion of the self-report measures, the laboratory session was 
scheduled to take place within one week of the assessment session. 

Participants were required to maintain abstinence from alcohol and illicit drugs for 4 days 
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prior to the laboratory session. Participants who either reported drug or alcohol use in the 4 
days preceding the laboratory session or tested positive for the metabolites of cocaine, 
opioids, amphetamines, or marijuana, were rescheduled. In addition, subjects were asked to 
abstain from nicotine for 2 h and caffeine for 4 h prior to the laboratory session. 

2,7.2. Laboratory session 

All laboratory sessions were scheduled to begin between 14:00 and 16:00 h to control for 
diurnal variations that could effect cue reactivity. Upon arrival to the laboratory, participants 1 
compliance with the substance use restrictions was assessed. A urine drug screen (UDS; 
Roche Diagnostic Systems, Inc., Somerville, NJ) was conducted at the beginning of the 
laboratory session to test for recent consumption of THC, cocaine, opiates, and 
amphetamines. To assess recent alcohol intoxication, expired air samples were analyzed 
(Alco-sensor IV, Intoximeters, Inc., St. Louis, MO) prior to the laboratory session. In 
addition, nicotine and caffeine use was assessed by participants' self-report. If substance 
screens were negative, the AD and CD participants completed the ACQ or the CCQ, 
respectively. 

Upon completion of the craving questionnaire, participants were escorted to an acoustically 
insulated subject room where they were seated in a comfortable chair. Several electrodes 
were attached to measure physiological responses. The physiological measures are part of a 
larger project and will be reported elsewhere. 

Four image-//? vivo cue combinations were presented to all participants in a counterbalanced 
fashion (i.e. trauma imagery cue followed by a drug cue, TD; neutral imagery cue followed 
by a drug cue, ND; trauma imagery cue followed by a neutral cue, TN; and neutral imagery 
cue followed by a neutral cue, NN). The presentation of the four image-m vivo cue 
combinations followed the presentation of an NN practice trial in which participants were led 
through the following procedure. Participants were told that when the experimenter left the 
room they were to close their eyes and that an audiotaped narrative would be played over 
their headphones. Participants were informed that following the end of the narrative they 
should continue to image the scene as vividly as possible. Moreover, participants were 
instructed to experience the emotions elicited by the scene and to imagine the physical 
sensations described in the scene. After responding to participants 1 questions, the 
experimenter left the subject room and started an audiotaped narrative. Following the 50 s 
script presentation, participants continued to actively imagine the scene for an additional 30 
s. At the end of the 30 s active imagery period, an experimenter entered the subject room and 
placed an in vivo cue on the table in front of the participant and then exited the room. A tone 
signaled the participant to open his or her eyes and look at the cue while continuing to image 
the scene previously described. Participants observed the cue for 2 min. Another tone then 
signaled the participant to turn to an adjacent computer monitor and first rate the in vivo cue 
and then to rate the imagery cue. Using a computer joystick, participants rated the cues in 
three ways: (1) for the ratings of craving, approach, and avoidance, cues were rated by 
moving a vertical line along a 21 -point computerized VAS and pressing a button on the 
joystick to register their response, (2) for the ratings of valence, arousal, and dominance, by 
manipulating a computerized manikin figure (i.e. SAM) via a joystick to reflect the 
participants 1 emotional state when presented with each type of cue, and (3) each image was 
rated for it's subjective vividness on a 21 -point computerized VAS. After the participant 
rated both the in vivo cue and the imagery cue, participants were queried for their 
understanding of the task and, if needed, task clarification was provided. The TD, ND, TN, 
and NN cue combinations were then presented in counterbalanced fashion in the manner 
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At the completion of the laboratory protocol, participants were fully debriefed and a final 
craving rating was obtained. The final craving rating was obtained to assure the safety of the 
participants upon dismissal. In addition, CD participants were informed that the crack 
cocaine cue was not authentic crack cocaine. In the absence of elevations in drug craving, 
participants were paid and thanked for their participation. If significant drug craving 
remained after the debriefing, an experienced clinical psychologist assisted participants in 
reducing their craving to baseline levels. 

2.8. Statistical analysis 

To test for differences between demographic variables, categorical data were analyzed using 
Chi-square tests of independence while continuous data were analyzed using one-way 
analysis of variance (ANOVA). Due to significant demographic differences between the AD 
and CD participants, the effects of gender, age, and race were examined to assess if potential 
rating dissimilarities could be attributed to demographic differences between the two groups. 
Stepwise linear regression and repeated measure ANOVA was used to assess whether 
gender, age, and race predicted the VAS and SAM ratings above and beyond substance group 
membership (i.e. cocaine or alcohol dependent). Repeated measures ANOVAs were used to 
examine differences between cocaine versus alcohol dependent participants, and as a 
function of (a) imagery cue type, and (b) in vivo cue type. These effects were assessed 
separately for each of the four VAS and each of the three SAM ratings. All simple effects 
and interactions were investigated with Tukey's HSD post hoc tests. As a secondary analysis, 
ANOVA was also used to assess the impact of drug-related verbal material contained within 
the trauma imagery scripts and was used to examine group differences on measures of drug 
dependence, craving, and trauma symptomatology. Linear regression was used to assess if 
baseline substance craving was associated with differential experimentally induced craving. 
For all ANOVAs, a Bonferroni adjustment was employed to reduce familywise Type I error. 
Familywise Type I error was reduced for each cue rating (i.e. craving, approach, avoidance, 
arousal, valence, and dominance) by dividing alpha (a=0.05) by the number ANOVAs 
conducted on the measures (4). These procedures lead to an adjusted alpha level of 0.013 for 
each of the in-session dependent measures except vividness. Two ANOVAs were performed 
on the vividness ratings, therefore, an adjusted alpha level of 0.025 was employed for that 
rating. 

3. Results 

3.1. Demographic data 

Significant demographic differences were found between the CD and AD groups: -The AD 
group was significantly older than the CD group, F(l, 74)=7.17, PO.009, gender was not 
equally distributed across groups, X 2 (1)=12.94, PO.001 (more females were included in the 
CD group when compared to the AD group), and the racial makeup of the two groups 
differed significantly, X 2 (2)=15.06, PO.001 (more Caucasians were included in the AD 
group when compared to the CD group). Stepwise linear regression was used to assess 
whether the variables of age, gender, and race offered unique contributions to the prediction 
of the VAS and SAM ratings over the prediction provided by drug group membership (i.e. 
cocaine or alcohol groups). Analysis indicated that these variables did not predict SAM or 
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VAS ratings over the prediction provided by group membership. As a result, subsequent 
analyses examining the differences between the CD and AD groups do not include the 
variables of age, race, or gender. The CD and AD groups did not differ on PTSD 
symptomatology or depressive symptoms nor did the two groups differ on self-reported 
smoking status or days since their last use of their preferred substance. 

3.2. Ratings of the imagery cues 

Separate repeated measures ANOVAs were conducted on each of the SAM and VAS ratings. 
Means and standard deviations for the ratings are presented in Table 2 while corresponding 
F- values are presented in Table 3 . 



Table 2. Mean (S.D.) of the CD and AD groups' VAS and SAM ratings of the imagery and in 
vivo cues during each of the four trials 



(27K) 

The four trials are: trauma-image cue-/>2 vivo drug CUE=TD; trauma-image cue-/« vivo neutral 
CUE=TN; neutral-image cue-m vivo drug CUE=ND; neutral-image cue-in vivo neutral 
CUE=NN. 



Table 3. F- values for the ratings of the imagery and in vivo cues 



™ (12K) 

After correcting for multiple comparisons, the significant level for all of the ratings was 
0=0.013, except for the vividness rating (0^0.025). "7^0.013; ** 7^0.001. 



3.2.1. Craving and approach 

For the VAS craving and approach measures, significant main effects were found for 
substance with the AD group reporting significantly higher craving and approach ratings than 
the CD group. Significant main effects were also found for trial type, however, the Substance 
X Trial Type interactions did not reach significance. Post hoc analysis of the trial types 
revealed that the TD and TN trials produced higher craving and approach ratings than the ND 
or the NN trials (all P's<0.003). Baseline craving (i.e. reported craving prior to the 
experimental manipulation), as measured by the CCQ for the CD participants and the ACQ 
for the AD participants, was not associated with the level of craving elicited by the imagery 
cues. 

3.2.2. Avoidance 

For the VAS rating of avoidance, a significant main effect was found for substance with the 
AD group reporting lower avoidance ratings than the CD group. The main effect for trial type 
and the Substance X Trial Type interaction did not reach significance. Differences between 
the AD and CD groups on the three measures of drug craving are presented in Fig. 1 . 
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Fig. 1 . Visual Analog Scale (0-20) craving, approach, and avoidance ratings of the imagery cues. 
The error bars represent the standard error. 



3.2.3. Arousal 

For the SAM rating of arousal, a significant main effect was found for substance with the AD 
group reporting significantly higher arousal ratings than the CD group. A significant main 
effect was also found for trial type, however, the Substance X Trial Type interaction did not 
reach significance. Post hoc analysis of the trial types revealed that the participants reported 
significantly higher arousal in response to the TD and TN trials when compared to either the 
ND or the NN trial (all Fs<0.001). 

3.2.4. Valence 

A significant main effect for trial type was revealed, although the main effect for substance 
and the Substance X Trial Type interaction did not reach significance. The TD and TN trials 
were rated as less pleasant than either the ND or the NN trial (all P'sO.001). 

3.2.5. Dominance 

For the dominance rating,.a significant main effect was found for trial type and a significant 
Substance X Trial Type interaction was also revealed. Analysis of the Substance X Trial 
Type interaction revealed that for the CD group, the TD and TN trials elicited lower 
dominance ratings (i.e. a diminished feeling of control) than their own ND and NN trials or 
the ND and NN trials of the AD group (i><0.05). In addition, the TD and TN trials elicited 
greater dominance ratings (i.e. an enhanced feeling of control) for the CD group than for the 
AD group (PO.05). For the AD group, the TD and TN trials elicited lower dominance 
ratings than their own ND and NN trials (PO.05). 

3.2.6. Vividness 

A significant main effect was found for trial type although the main effect for substance and 
the Substance X Trial Type interaction did not reach significance. The personalized trauma 
scripts (TD and TN trials) were rated as more vivid than the standard neutral script used in 
the ND or NN trials (all Fs<0.005). 

3.3. Ratings of the in vivo cues 

As for the analysis of the imagery cues, separate repeated measures ANOVAs were 
conducted on each of the SAM and VAS ratings of the in vivo cues. Means and standard 
deviations for the ratings are presented in Table 2. 

3.3.1. Craving and approach 
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For the VAS craving and approach measures, significant main effects were found for 
substance with the AD group reporting significantly higher craving and approach ratings than 
the CD group. Significant main effects were also found for trial type, however, the Substance 
X Trial Type interaction did not reach significance after correcting for multiple comparisons. 
Analysis of the trial types found that the TD and ND trials produced higher approach ratings 
than the TN (each at PO.001) or the NN trials (each at P<0.001). Baseline craving, as 
measured by the CCQ for the CD participants and the ACQ for the AD participants, was not 
associated with the level of craving elicited by the in vivo cues. 

3.3.2. Avoidance 

For avoidance, only a significant main effect was found for substance with the AD group 
reporting lower avoidance ratings than the CD group. 

3.3.3. Arousal 

For the SAM rating of arousal, a significant main effect was found for substance with the AD 
group reporting significantly higher arousal ratings than the CD group. A significant main 
effect was also found for trial type, however, the Substance X Trial Type interaction did not 
reach significance. Post hoc analysis of the trial types revealed that the participants reported 
significantly higher arousal in response to the TD and ND trials when compared to either the 
TN or the NN trials (all P's<0.001). 

3.3.4. Valence 

A significant main effect for trial type was revealed although the main effect for substance 
and the Substance X Trial Type interaction did not reach significance. The TD trial was rated 
as less pleasant than the NN trial (PO.001) and the ND trial was rated as less pleasant than 
the TN trial (PO.001). 

3.3.5. Dominance 

For the SAM dominance rating, a significant main effect was found for substance with AD 
group reporting significantly higher dominance ratings than the CD group. A significant 
main effect was also found for trial type, however, the Substance X Trial Type interaction 
did not reach significance. Analysis of the trial types found that the TD trial produced higher 
dominance ratings than the TN (PO.043) or the NN trials (P<0.001) and the ND trial 
produced higher dominance ratings than the NN trial (PO.001). 

3.4. Impact of drug-related content in personalized trauma scripts on cue 
reactivity 

To assess the impact of drug content in the trauma-related scripts on cue reactivity, both the 
AD and CD groups were dichotomized by the drug content of their personalized trauma 
scripts. Examples of drug content within a personalized trauma script included sexual 
assaults by an intoxicated perpetrator, physical assaults during a drug purchase, and assaults 
while the victim was intoxicated. Scripts with drug content were classified Drug+, while 
scripts without drug content were classified Drug-. The Drug+ and Drug- groups did not 
differ on age, gender, race, education, marital status, or income for either the CD or AD 
groups. Due to the striking differences in cue reactivity between the CD and AD groups, the 
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influence of the drug content in the trauma scripts on cue reactivity was analyzed separately 
for the two substance groups. Trial type differences are not reported to eliminate redundancy 
with the primary analyses. 

3.4.1* Ratings of the imagery cues 

For the CD group rating the imagery cues, a significant main effect for script content (i.e. 
Drug+ or Drug-) was found for craving, F (1, 28)=5.74, PO.023, and approach, F (1 , 28) 
=6.27, PO.018. A nonsignificant trend was found for avoidance, F(l 9 28)=2.97, PO.096. 
More specifically, the CD Drug+ group reported higher craving and approach in response to 
the imagery cues than did the CD Drug- group and there was a tendency for the CD Drug+ 
group to provide higher avoidance ratings than the CD Drug- group. No significant Trial 
Type X Script Content interactions were found for the ratings of the imagery cues. In contrast 
to the CD group, no significant script content main effects or Trial Type X Script Content 
interactions were revealed on any of the imagery cue ratings for the AD group. 

3.4.2. Ratings of the in vivo cues 

For the CD group rating the in vivo cues, a significant main effect for script content was 
revealed for craving, F(l, 28)=6.26, PO.018, approach, F(l, 28)=6.18, PO.019, and 
valence, F(l, 28)=7.22, PO.012. Cues that followed Drug+ scripts elicited higher craving 
and approach, yet elicited less positive emotional ratings. No significant Trial Type X Script 
Content interactions were found for the ratings of the in vivo cues. As seen in the AD group's 
ratings of the imagery cues, no significant main effects for script content was found for the 
AD group's rating of the in vivo cues. 

To assess whether trauma-related or drug-related symptoms could account for ratings 
differences between the CD Drug+ and CD Drug- groups, groups were compared on the 
DAST, the CCQ, and the IES-R. No significant group differences were found on these 
measures. 

4. Discussion 

The present study presented personalized trauma and neutral imagery cues and in vivo drug 
and neutral cues to individuals comorbid for PTSD and either cocaine dependence or alcohol 
dependence. Subjective reactions to the imagery and in vivo cues were assessed on the 
following dimensions: drug craving, approach, avoidance, arousal, valence, and dominance. 
Consistent with the extant literature, CD and AD participants reported increased drug craving 
and other drug-relevant responses when presented with drug-related cues. In addition, 
participants reported increased reactivity, including drug craving, when presented with 
personalized trauma imagery cues. This is the first study to demonstrate increased drug 
craving in response to trauma cues in SUD-PTSD comorbid individuals. 

In addition to demonstrating drug cue reactivity in SUD-PTSD comorbidity, this study 
demonstrated significant differences in cue reactivity between CD and AD comorbid 
individuals. Specifically, the AD group reported significantly higher drug craving, approach, 
and arousal, and lower avoidance ratings in response to the imagery and in vivo cues than the 
CD group, and the AD group reported significantly lower dominance ratings in response to 
the in vivo cues than the CD group. AD and CD groups differed in their response to the 
imagery cues despite similar vividness ratings. To our knowledge, no other study has directly 
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compared cue reactivity in CD and AD samples. 

To elucidate the differences in CD and AD reactivity, the two groups were analyzed based on 
the inclusion of substance use, intoxication, or involvement within the personalized trauma 
script (e.g., the assailant was intoxicated, the victim was intoxicated, trauma occurred during 
the acquisition of illicit drugs). The drug content within the AD participants' trauma script 
did not impact their ratings of the imagery cues or their ratings of the in vivo cues. In 
contrast, the CD participants with drug content in their personalized trauma scripts (Drug+) 
reported significantly higher craving and approach in response to the imagery cues as 
compared to participants without drug content in their trauma scripts (Drug-). The CD Drug+ 
participants also reported less positive emotion and higher craving and approach ratings in 
response to the in vivo cues than the CD Drug- participants. One possible explanation for the 
increased reactivity within the Drug+ CD group comes from the nicotine literature. Tiffan y 
and Drobes.(1990) presented imagery scripts to smokers that were designed to elicit either 
negative, positive, or neutral affect and that contained either drug content (i.e. a description 
of a smoking situation) or no drug content (i.e., a description of a nonsmoking situation). 
Imagery scripts that contained drug content and elicited negative affect produced the highest 
drug craving among all of the affect-drug content combinations. Similarly for the CD group, 
trauma scripts that produced negative affect and included drug content elicited higher craving 
and approach ratings than did trauma cues that did not contain drug references. Therefore, it 
may be that the patients in the CD group were not responding to the negative emotional 
properties of the trauma script and instead were responding to the Drug+ scripts as a pure 
drug cue. 

The striking differences in cue reactivity between the AD and CD groups were not expected. 
Based largely on clinical observations and patient reports of intense craving for cocaine, we 
expected that the CD group would have stronger cue reactions than the AD group in response 
to both drug and trauma cues. However, the AD group was more reactive to both types of 
cues despite the fact that the two groups did not differ on the number of days since their last 
use of their preferred substance. 

The most direct explanation for our findings is that while the comorbidity of cocaine 
dependence and PTSD is relatively common ( Back and Brady ), cocaine dependent 
individuals with PTSD may not use cocaine to manage their PTSD symptoms as reliably as 
AD individuals. This possible differential drug use — PTSD symptom pairing may result in 
relatively weaker learned associations between PTSD symptoms and cocaine cues. These 
weaker learned associations would explain the relatively weaker drug-related responses 
elicited by the trauma cues in the CD group compared to the AD group. This is a logical 
explanation of our findings when the drug class and the disorder class are considered. PTSD 
is an anxiety disorder and cocaine is a powerful CNS stimulant. The stimulatory drug-effect 
from cocaine self administration (e.g. increased heart rate) may not be desirable when an 
individual with PTSD is experiencing PTSD symptoms (e.g. intrusive memories of the 
trauma). This undesirable stimulatory effect may result in relatively little cocaine use 
mtended to modulate PTSD-induced negative affect and result in only a moderate association 
between cocaine and trauma cues. Conversely, the anxiolytic properties of alcohol may 
reduce the severity of PTSD symptoms and therefore, reinforce its use when an individual 
experiences trauma symptoms (cf. Stasiewicz md.Maisto, J_993). This hypothesis is 
supported by a correlational study of drug use situations of cocaine and alcohol dependent 
individuals. Cannon and colleagues (1992) found that cocaine dependent males were less 
likely to use cocaine when experiencing negative emotion and males dependent on both 
cocaine and alcohol were more likely to use alcohol, rather than cocaine, when experiencing 



http://ww.sciencedfrect.conVscience?_o 12/8/2003 



SciehceDirect - Drug and Alc^ 1 Dependence : Trauma and substance^ e reactivity i... Page 15 of 21 



negative emotion. However, our hypothesis remains speculative at this time since there is no 
empirical evidence that AD individuals pair alcohol consumption with PTSD symptoms to a 
greater degree than CD individuals pair cocaine consumption with PTSD symptoms. 

In addition to differences between AD and CD groups* reactivity to the imagery cues, AD 
participants were significantly more reactive to the in vivo cues (i.e. alcohol and cocaine 
cues) than the CD participants. This result was also unexpected. Clinical lore and 
empirically-based reports of significant craving in CD individuals (e.g. Robbins ^ 
1998), suggested to us that the CD group should report higher craving and other drug-related 
responses to the drug cues than the AD group. It is possible that the two groups differed in 
addiction severity or treatment motivation, variables that were not directly measured in the 
current study but could theoretically affect cue reactivity. As both groups met diagnostic 
criteria for substance dependence and were voluntarily involved in substance use treatment, it 
is unlikely that these variables could fully explain the differences found between the AD and 
CD groups. Another possible explanation is that the CD group did not believe that the 
simulated crack cocaine presented to them was authentic as they were told. This explanation 
is improbable since most CD participants were surprised to learn that the simulated cocaine 
was not authentic and, in fact, one participant could not be convinced that the cocaine cue 
was simulated. A more likely explanation may be that intense cocaine craving has a limited 
time course and that the current study's 4-day abstinence requirement may have placed 
participants well outside that window of peak craving. This hypothesis is supported by the 
research of R obbins and Ehrman (1 998) who found that cocaine craving was higher during 
2-3 day periods in which cocaine was used rather than prior to or following these periods of 
cocaine use. This hypothesis is further supported by studies of protracted cocaine withdrawal 
that report relatively low craving in cocaine using inpatients ( Weddingtpn and Satel) and 
cocaine dependent outpatients ( Coffey et aL 20 00). 

Another possible contributing factor may have been the autonomic hyperarousal that occurs 
in both acute and protracted alcohol withdrawal but probably plays less of a role in cocaine 
withdrawal. While the alcohol group should not have been in acute withdrawal 4 days after 
last use, they were very likely to be in the protracted abstinence phase (S^j&ULJ^l) 
which might explain their increased reactivity to stimuli of all kinds. Thus, the differences in 
pharmacological properties of these two agents and the differences in the abstinence 
syndrome produced by them may help to explain this differential reactivity. 

It is important to note that while AD participants were more reactive to imagery and in vivo 
cues than their CD counterparts, this is not to say that CD participants were not significantly 
reactive to the cues. In fact, consistent with reports from other investigators examining cue 
reactivity in CD individuals, CD participants in the current study were significantly reactive 
to the drug cue when compared to the neutral cue. Furthermore, consistent with studies on 
other substances of increased drug craving in response to negative emotion ( Childr ess: 
Cooney and Coffey) and consistent with reported increases in cocaine craving in response to 
induced psychological stress in cocaine abusers ( Sinha et aL 1999 ). CD participants were 
more reactive to trauma cues than the neutral cues. 

One limitation of the current study is the significant demographic differences between the 
CD and AD groups. These differences are consistent with demographic dissimilarities found 
in the alcohol and cocaine dependent populations in the Charleston, SC area and contribute to 
the ecological validity of our findings. Although it does not appear that these differences 
influenced reactivity to the cues, future studies should control for this potential source of 
variability. On the other hand, it is possible that differences between the CD and AD groups 
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on years of dependence (i.e. chronological age minus age of onset for substance dependence) 
may have influenced reactivity in the groups. However, this potential source of variance is 
quite difficult to assess for and control because different substances have different 
physiological, phenomenological, social, and economic effects on humans. For example, it is 
unlikely that the impact of 2 years of crack cocaine dependence is equivalent to the impact of 
2 years of alcohol dependence. This differential impact of substance dependence may lead to 
quantitative and qualitative differences on the variable 'years of dependence' so that a 
common metric does not truly exist. Moreover, the differences in the number of years the 
two groups are substance dependent is further confounded by the markedly different 
reinforcement values of crack cocaine and alcohol. Due to these largely unknown and 
uncontrollable differences, we believe that attempting to control for differences in years of 
dependence when comparing groups dependent on different substances may be misleading. 

An important implication of the present findings is that SUD-PTSD comorbid individuals' 
poorer treatment outcome (Brady and Ouimette) may be directly related to their symptoms of 
PTSD, especially their intrusive symptoms. It is clear from our results that SUD patients 
react to personalized trauma-image cues with increased craving and other substance-related 
responses. It is also clear that personalized trauma-image cues that have drug cues imbedded 
within them significantly increase drug craving in CD patients. Whether CD individuals 
respond to the trauma cue as a negative emotion cue, as a 'pure' drug cue, or as a combined 
negative emotion-drug cue, may be irrelevant since approximately two-thirds of our CD 
sample reported that their most horrific trauma was, in some way, drug-related and, 
consequently, increased drug craving. While the direct role of craving in substance use and 
relapse remains unclear ( Tjffaiiy and „Carter 9 J. 998), there is no denying its clinical 
importance. 

Our results also underscore the role of negative emotion in cocaine and alcohol dependence 
and suggest that this role may not be uniform across substances of abuse and substance 
abusers. In this study, a relatively weaker responsivity to negative emotional cues in CD 
individuals compared to AD individuals was demonstrated. This finding is consistent with 
Cannon et aL{1992) and suggests that the role of positive emotion in maintaining cocaine 
dependence may be relatively more important in CD individuals than the role of negative 
emotion. If this finding is supported by future research, treatments for cocaine dependence 
may be improved by developing strategies to help patients experience both positive and 
negative emotions without the aid of cocaine. Future studies of CD should address this 
potentially important variable. 

Perhaps the most important implication of this study is to underscore the importance of 
treating both substance dependence and PTSD when they co-occur. Numerous researchers 
have documented the poorer substance abuse treatment outcome of SUD-PTSD comorbid 
individuals and have recommended concurrent treatment for the two disorders (Naja vits ; 
Ouimette; Trif fleman and Coffey ). The results from the current study provide experimental 
evidence that trauma-related imagery cues (i.e. memories) increase craving in individuals 
suffering from both PTSD and either alcohol or cocaine dependence. As trauma-related 
intrusive memories are a core diagnostic feature of PTSD, it is reasonable to assume that 
intrusive symptoms of PTSD may play a significant role in the maintenance of drug 
dependence in SUD-PTSD comorbid individuals and therefore should be addressed in 
substance use treatment. 
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The spectrum of alcohol withdrawal symptoms ranges from such minor 
symptoms as insomnia and tremulousness to severe complications 
such as withdrawal seizures and delirium tremens. Although the history 
and physical examination usually are sufficient to diagnose alcohol 
withdrawal syndrome, other conditions may present with similar 
symptoms. Most patients undergoing alcohol withdrawal can be treated 
safely and effectively as outpatients. Pharmacologic treatment involves 
the use of medications that are cross-tolerant with alcohol. 
Benzodiazepines, the agents of choice, may be administered on a fixed 
or symptom-triggered schedule. Carbamazepine is an appropriate 
alternative to a benzodiazepine in the outpatient treatment of patients 
with mild to moderate alcohol withdrawal symptoms. Medications such 
as haloperidol, beta blockers, clonidine, and phenytoin may be used as 
adjuncts to a benzodiazepine in the treatment of complications of 
withdrawal. Treatment of alcohol withdrawal should be followed by 
treatment for alcohol dependence. (Am Fam Physician 2004;69:1443- 
50. Copyright© 2004 American Academy of Family Physicians) 
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Tin 1992, approximately 13.8 million Americans (7.4 percent of the U.S. adult 
population) 1 met the criteria for alcohol abuse or dependence as specified in the 
Diagnostic and Statistical Manual of Mental Disorders, fourth edition, text 
revision (DSM4V-TR). 2 In 2000, 226,000 patients were discharged from short- 
stay hospitals (excluding Veteran's Affairs and other federal hospitals) with one 
of the following diagnoses: alcohol withdrawal (Table lj y 2 alcohol withdrawal 
delirium, or alcohol withdrawal hallucinosis. 3 It is estimated that only 10 to 20 percent of patients 
undergoing alcohol withdrawal are treated as inpatients, 4 so it is possible that as many as 2 million 
Americans may experience symptoms of alcohol withdrawal conditions each year. 



strength : of : 
recomm^d§tipn : 

labels. 



Pathophysiology 

Alcohol withdrawal syndrome is mediated by a 
variety of mechanisms. The brain maintains 
neurochemical balance through inhibitory and 
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excitatory neurotransmitters. The main 
inhibitory neurotransmitter is gamma- 
aminobutyric acid (GABA), which acts through 
the GABA-alpha (GABA-A) neuroreceptor 
One of the major excitatory neurotransmitters is 
glutamate, which acts through the #-methyl-D- 
aspartate (NMDA) neuroreceptor. 

Alcohol enhances the effect of GABA on 
GABA-A neuroreceptors, resulting in decreased 
overall brain excitability. Chronic exposure to 
alcohol results in a compensatory decrease of 
GABA-A neuroreceptor response to GABA, 
evidenced by increasing tolerance of the effects j 
of alcohol. 

Alcohol inhibits NMDA neuroreceptors, and 
chronic alcohol exposure results in up- 
regulation of these receptors. Abrupt cessation 
of alcohol exposure results in brain 
hyperexcitability ? because receptors previously 
inhibited by alcohol are no longer inhibited. 
Brain hyperexcitability manifests clinically as 
anxiety, irritability, agitation, and tremors. 
Severe manifestations include alcohol 
withdrawal seizures and delirium tremens. 

An important concept in both alcohol craving 
and alcohol withdrawal is the "kindling" 
phenomenon; the term refers to long-term 
changes that occur in neurons after repeated 
detoxifications. Recurrent detoxifications arc 
postulated to increase obsessive thoughts or 
alcohol craving. 5 Kindling explains the 
observation that subsequent episodes of alcohol 
withdrawal tend to progressively worsen. 

Although the significance of kindling in alcohol 
withdrawal is debated, this phenomenon may be 
important in the selection of medications to treat 
withdrawal. If certain medications decrease the 
kindling effect, they may become preferred 
agents. 



TABLE 1 

Diagnostic Criteria for Alcohol 
Withdrawal 



A. Cessation of (or reduction in) 
alcohol use that has been heavy 
and prolonged, 

B. Two (or more) of the following, 
developing within several hours to a 
few days after 

criterion A: 

1 . Autonomic hyperactivity 
(e.g., sweating or pulse rate 
greater than 100 beats per 
minute) 

2. Increased hand tremor 

3. Insomnia 

4. Nausea or vomiting 

5. Transient visual, tactile, or 
auditory hallucinations or 
illusions 

6. Psychomotor agitation 

7. Anxiety 

8. Grand mal seizures 

C. The symptoms in criterion B cause 
clinically significant distress or 
impairment in social, occupational, 
or other important areas of 
functioning, 

D. The symptoms are not due to a 
general medical condition and are 
not better accounted for by another 
mental disorder. 



Adapted with permission from American 
Psychiatric Association. Diagnostic and 
statistical manual of mental disorders. 4th 
ec£, text revision, Washington, D.C.: 
American Psychiatric Association, 
2000:216. 



Withdrawal Symptoms 



The spectrum of withdrawal symptoms and the time range for the appearance of these symptoms 
after cessation of alcohol use are listed in Table 2, Generally, the symptoms of alcohol withdrawal 
relate proportionately to the amount of alcoholic intake and the duration of a patient's recent 
drinking habit. Most patients have a similar spectrum of symptoms with each episode of alcohol 
withdrawal. 
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TABLE 2 

Symptoms of Alcohol Withdrawal Syndrome 



Symptoms 

Minor withdrawal symptoms: insomnia, tremulousness, mild anxiety, 
gastrointestinal upset, headache, diaphoresis, palpitations, anorexia 

Alcoholic hallucinosis: visual, auditory, or tactile hallucinations 
Withdrawal seizures: generalized tonic-clonic seizures 
Alcohol withdrawal delirium (delirium tremens): hallucinations 
(predominately visual), disorientation, tachycardia, hypertension, low- 
grade fever, agitation, diaphoresis 



*Symptoms generally resolve within 48 hours. 
t-Symptoms reported as early as two hours after cessation. 
^Symptoms peak at five days. 



Time of 

appearance after 
cessation of 
alcohol use 



6 to 12 hours 

12 to 24 hours* 
24 to 48 hoursf 
48 to 72 hoursf 



Minor withdrawal symptoms can occur while the patient still has a measurable blood alcohol level. 
These symptoms may include insomnia, mild anxiety, and tremulousness. Patients with alcoholic 
hallucinosis experience visual, auditory, or tactile hallucinations but otherwise have a clear 
sensorium. 



Withdrawal seizures are more common inpatients who have a history of multiple episodes of 
detoxification. Causes other than alcohol withdrawal should be considered if seizures are focal, if 
diere is no definite history of recent abstinence from drinking, if seizures occur more than 48 hours 
after the patient's last drink, or if the patient has a history of fever or trauma. 



Alcohol withdrawal delirium, or delirium tremens, is characterized by clouding of consciousness 
and delirium. Episodes of delirium tremens have a mortality rate of 1 to 5 percent 6 Risk factors for 
developing alcohol withdrawal delirium include concurrent acute medical illness, daily heavy 
alcohol use, history of delirium tremens or withdrawal seizures, older age, abnormal liver function, 
and more severe withdrawal symptoms on presentation. 



Evaluation of the Patient in Alcohol Withdrawal 



The history and physical examination establish the diagnosis and severity of alcohol withdrawal. 
Important historical data include quantity of alcoholic intake, duration of alcohol use, time since last 
drink, previous alcohol withdrawals, presence of concurrent medical or psychiatric conditions, and 
abuse of other agents. In addition to identifying withdrawal symptoms, the physical examination 
should assess possible complicating medical conditions, including arrhythmias, congestive heart 
failure, coronary artery disease, gastrointestinal bleeding, infections, liver disease, nervous system 
impairment, and pancreatitis. Basic laboratory investigations include a complete blood count, liver 
function tests, a urine drug screen, and determination of blood alcohol and electrolyte levels/ 
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The revised Clinical Institute Withdrawal Assessment for Alcohol (CIWA-Ar) scale is a validated 
10-item assessment tool that can he used to quantify the severity of alcohol withdrawal syndrome, 
and to monitor and medicate patients going through withdrawal 7 * 8 (Figure I), 7 CIWA-Ar scores of 8 
points or fewer correspond to mild withdrawal, scores of 9 to 15 points correspond to moderate 
withdrawal, and scores of greater than 15 points correspond to severe withdrawal symptoms and an 
increased risk of delirium tremens and seizures. 



Assessment of Alcohol Withdrawal 
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FIGURE 1. Revised Clinical Institute Withdrawal Assessment for Alcohol (CIWA-Ar) scale. 
Adapted from Sullivan JT f Sykora K, Schneiderman J, Naranjo CA, Sellers EM. Assessment of 



http://www.aafp.org/afp/200403 15/1 443.html 



10/3/2004 




Page 6 of 1 1 



alcohol withdrawal: the revised Clinical Institute Withdrawal Assessment for Alcohol Scale (CIWA-Ar). 
Br J Addict 1989;84:1353-7, 



In using the CIWA-Ar, the clinical picture should be considered because medical and psychiatric 
conditions may mimic alcohol withdrawal symptoms. In addition, certain medications (e.g., beta 
blockers) may blunt the manifestation of these symptoms- 
Differential Diagnosis 

Alcohol withdrawal syndrome can be confused with other conditions. Thyrotoxicosis, 
anticholinergic drug poisoning, and amphetamine or cocaine use can result in signs of increased 
sympathetic activity and altered mental status. Central nervous system infection or hemorrhage can 
cause seizures and mental status changes. Withdrawal from other sedative-hypnotic agents causes 
symptoms similar to those occurring in alcohol withdrawal syndrome. 

Goals of Treatment 

The American Society of Addiction Medicine li sts three immediate goals for detoxification of 
alcohol and other substances: (1) "to provide a safe withdrawal from the drug(s) of dependence and 
enable the patient to become drug-free"; (2) "to provide a withdrawal that is humane and thus 
protects die patient's dignity"; and (3) "to prepare the patient for ongoing treatment of his or her 
dependence on alcohol or other drugs." 6 

General Care 

Abnormalities in fluid levels, electrolyte levels, or nutrition should be corrected. Intravenous fluids 
may be necessary in patients with severe withdrawal because of excessive fluid loss through 
hyperthermia, sweating, and vomiting. Intravenous fluids should not be administered routinely in 
patients with Jess severe withdrawal, because these patients may become overhydrated. 

Routine administration of magnesium sulfate has not been shown to improve withdrawal 
symptoms, 9 but supplementation is appropriate if a patient is hypomagnesemic. Multivitamins and 
thiamine ( 100 mg per day) should be provided during treatment for alcohol withdrawal. If 
intravenous fluids are administered, thiamine (100 mg intravenously) should be given before 
glucose is administered, to prevent precipitation of Wernicke's encephalopathy. 

Medication Regimens 

Medication can be administered using fixed-schedule or symptom -triggered regimens (Table 3). 10 
With a fixed-schedule regimen, doses of a benzodiazepine arc administered at specific intervals, and 
additional doses of the medication are given as needed based on the severity of the withdrawal 
symptoms. In a symptom-triggered regimen, medication is given only when the CIWA-Ar score is 
higher than 8 points. 



TABLE 3 
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BENZODIAZEPINES 

Pharmacologic treatment of alcohol withdrawal syndrome involves the use of medications that are 
cross- 
tolerant with alcohol. Benzodiazepines have been shown to be safe and effective, particularly for 
preventing or treating seizures and delirium, and are the preferred agents for treating the symptoms 
of alcohol withdrawal 
syndrome. 10 

The choice of agent is based on pharmacokinetics. Diazepam (Valium) and chlordiazepoxide 
(Librium) are long-acting agents that have been shown to be excellent in treating alcohol withdrawal 
symptoms. Because of the long half-life of these medications, withdrawal is smoother, and rebound 
withdrawal symptoms are less likely to occur. Lorazepam (Ativan) and oxazepam (Serax) are 
intermediate-acting medications with excellent records of efficacy. Treatment with these agents may 
be preferable in patients who metabolize medications less effectively, particularly the elderly and 
d^ose with liver failure. Lorazepam is the only benzodiazepine with predictable intramuscular 
absorption (if intramuscular administration is necessary). 

Rarely, it is necessary to use extremely high dosages of benzodiazepines to control the symptoms of 
alcohol withdrawal. Dosages of diazepam as high as 2,000 mg per day have been administered. 18 
Because clinicians often are reluctant to administer exceptionally high dosages, undertreatment of 
alcohol withdrawal is a common problem. 

One randomized controlled trial (RCT) 19 affirmed previous findings that carbamazepine is an 
effective alternative to benzodiazepines in the treatment of alcohol withdrawal syndrome in patients 
with mild to moderate symptoms. Patients in the study received 800 mg of carbamazepine on the 
first day, with the dosage tapered to 200 mg by the fifth day. Carbamazepine (Tegretol) also appears 
to decrease the craving for alcohol after withdrawal. It is not sedating and has little potential for 
abuse. Although carbamazepine is used extensively in Europe, its use in the United States has been 
limited by lack of sufficient evidence that it prevents seizures and delirium. 

ADJUNCTIVE AGENTS 

Several medications may be helpful adjuncts to benzodiazepines in the treatment of alcohol 
withdrawal syndrome. However, these medications should not be used as monotherapy. 

Haloperidol (Haldol) can be used to treat agitation and hallucinations, although it can lower the 
seizure threshold. The use of atenolol (Tenormin) in conjunction with oxazepam has been shown to 
improve vital signs more quickly and to reduce alcohol craving more effectively than the use of 
oxazepam alone. 20 

Adjunctive treatment with a beta blocker should be considered in patients with coronary artery 
disease, who may not tolerate the strain that alcohol withdrawal can place on the cardiovascular 
system. Clonidine (Catapres) also has been shown to improve the autonomic symptoms of 
withdrawal.^ Although phenytoin (Dilantin) does not treat withdrawal seizures, it is an appropriate 
adjunct in patients with an underlying seizure disorder. 

Patient Follow-Up 

Treatment of alcohol withdrawal syndrome should be followed by treatment for alcohol dependence. 
Treatment of withdrawal alone does not address the underlying disease of addiction and therefore 
offers little hope for long-term abstinence. 

In the outpatient setting, brief interventions arc helpful in patients with alcohol abuse, 21 but more 
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intense interventions arc required in patients with alcohol dependence. The anticonvulsant 
topiramate (Topamax) has been shown to be an effective adjunctive medication to decrease alcohol 
consumption and increase abstinence in alcohol -dependent patients. 22 

Some patients achieve dramatic results by joining 

12-step groups such as Alcoholics Anonymous and Narcotics Anonymous. Other patients benefit 
from stays in comprehensive treatment facilities, which offer a combination of a 12-step model, 
cognitive-behavior therapy, and family therapy. The treatment of alcohol withdrawal syndrome' 
should be supplemented by an individualized, comprehensive treatment program, or at least as many 
elements of such a program as the patient can tolerate and afford. 
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"Future Directions 

Several medications have shown early promise in the treatment of alcohol withdrawal. In one case 
report 23 involving five patients, a single 10-mg dose of baclofen resulted in relief of severe 
withdrawal symptoms. In a preliminary RCT, 24 baclofen also reduced craving in alcohol-dependent 
patients. 

Gabapentin, which is structurally similar to GABA, has been effective in the treatment ofalcohof 
withdrawal in small studies. 25 * 26 The low toxicity of gabapentin makes it a promising agent. In 
another study, 27 the anticonvulsant agent vigabatrin, which irreversibly blocks GABA transaminase, 
improved withdrawal symptoms after only three days of treatment. 

Prevention 



Early identification of problem drinking allows prevention or treatment of complications, including 
severe withdrawal. The U.S. Preventive Services Task Force 28 recommends screening patients for 
problem drinking through a careful history or standardized screening questionnaire. Patients 
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undergoing preoperative evaluation also should be screened, because alcohol withdrawal can 
complicate recovery from surgery. 29 Elective surgery should be postponed until the dependent 
patient has not had alcohol for seven to 10 days. 
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There is a good deal of clinical evidence suggesting that compulsion to 
resume drug taking is an important part of the addiction syndrome. The 
symptoms comprising motivation to resume drug use, namely craving and 
compulsion, have been studied experimentally in human subjects. While 
much work remains to be done, there is evidence showing that these 
symptoms are influenced by learning. The research has been guided by 
animal studies demonstrating that drug effects can be conditioned. Much 
attention has been directed toward demonstrating the existence of drug 
conditioning in human addicts and exploring the neurological structures that 
may underlie such learned responses. We do not yet know the relative 
importance of learning in the overall phenomenon of relapse, and treatments 
based on conditioning principles are still under investigation. 
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ABSTRACT 

— This paper reviews the literature on the use of rating scales within the treatment of the alcohol- 
withdrawal syndrome. A computer-assisted literature search identified trials of therapy for and rating 
scales used in alcohol-withdrawal states. Eighteen rating scales were identified. There is a wide variation 
m symptom items included in these scales. Scales also vary in their length and ease of application. We 
conclude that it is important to use validated and reliable assessment scales in research if proper 
comparisons of treatments for the alcohol-withdrawal syndrome are to be made. 

INTRODUCTION 

One of the major problems for researchers and reviewers of treatment methods for alcohol withdrawal is 
die lack of a widely used, reliable and validated rating scale (Williams and McBride, 1998ffl) Several 
different scales have been used within this field of research. Comparison difficulties are further 
exacerbated by the failure to use strict, comparable inclusion and exclusion criteria for study and control 
groups. Use of recognized diagnostic criteria, such as those laid out in ICD-10 (World Health 
Organization 1992®) or DSM-IV (American Psychiatric Association, 1994S3), with standardized ratings 
of dependency would aid comparison of the study populations. 

An ideal rating scale in this area of research should: (i) aid the diagnosis of the withdrawal syndrome- 
C«) indicate when drug therapy is required; (iii) alert staff to the development of serious withdrawal ' 
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symptom presentahon and seventy. This would then allow treatment response to be accurately and 
consistently measured In clinical practice, such atool would allow clinicians to assess and predict those 
who reqtnre pharmacological treatment on the basis of symptom severity and to titrate the dose required. 

The aims of the present work were to identify mting scales used in the assessment of acute alcohol 
withdrawal described ,n the literature and then to compare their content and ease of application 
Information with regard to reliability and validity was also sought. 

METHODS 

A computer literature search and reference search of review articles traced papers published in the 
Engb.sh language between 1973 and 1999 on pharmacological treatments of alcohol-withdrawal states 
The year 1973 was selected as the earliest date because it was the year Gross et al (1973) published the 
Total Severity Assessment (ISA) and the shortened version, the Selected Severity Assessment (SSA) 
Of the 38 papers reviewed, 23 described rating scales in sufficient detail for their content to be analysed 
Only those using a standardized system of scoring specific symptoms of withdrawal, and producing an 
overall measure of severity, were included. Four used a previously published scale so that, in total 18 
different scales were included. 

RESULTS 

Table IS shows the symptoms and scoring systems used by all the studies. This reveals the lack of 
consensus between existing scales as to which symptoms constitute the most significant indicators of the 
alcohoJ^withdrawal syndrome. No single symptom was included in all the scales analysed and scales 
differed in the numbers of items included. A total of 30 symptoms and signs were described. 




i View this table: 

I [in this window] 
jfinA new window 



Anxiety was included in most scales (McGrath, 1975®; Bjorkqvist et < 1976a, Poutanen 1979a Bore 
and Weinholt, 1980s, I982ffl; Ritola and Malinen, 1981b; Shaw, 1981B; Agricola et al , 19825$ 
Flygerjring 198412; Kraus er < 1985ffl; Brunning et of, 1986B; Saunders, 1 98751; Gallimberti et 
aU 1989H; Benzer, 1990S; Wetterhng etai 7 1997B).Lossofcc-ordination (one scale: Bjorkqvist* al 
1976), flushing (one scale: Shaw, 1981) and dizziness (two scales: Bjorkqvist et al., 1976 Poutanen 
1979) were the least frequently used criteria. Blood pressure, pulse and tempmture' were often measured 
as part of the overall assessment, but were included in only five scales (Gross et al , 1 973ffi; Kraus et al 
1985B; Saunders, 1987B; Benzer, 1990B; Wetteriingrfa/., 1997B). The scoring systems ranged from ' 
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' Yes/No' for the presence of symptoms to 9-point scales. Scales 1-8 did not specify scoring criteria in 
the paper, whereas scales 9-16 did. "«»»-u» 

Table 2m illustrates the wide variations in the weightings given to different symptom groups by the 
ratmg scales. Figures given are the percentage contribution of each group of symptoms to the total scale 
^ ™ e ** v j en were raose ° f «^ gastrointestinal (GI) disturbance, autonomic nervous 

system (ANS) disturbance, neurological disturbance, sleep, psychotic features and seizures This 
comparison emphasizes the disparity in the weighting of items in me scales. Reasons for the particular 
make-up of the scales concerned were not published in the original descriptions. Some of the scales 
appear to be biased towards the known actions of the drugs under investigation. For example the scale 
which gives the highest weighting to autonomic symptoms, such as hypertension and raised pulse rate 
(Scale 1 1, Kraus et a!., 1985), was used in investigating the beta blocker, atenolol. The scale that gave 
the highest weighting to seizures was used in investigating carbaraazepine (Agricola et al., 1982B). 

View this table: Table 2. Percentage score of afferent symptom groups 

tmJhijL^dowJ ..... 
{in a newj^ndow] 



The most widely used scales, and those from which several other scales have been derived, are the Total 
Severity Assessment (Gross et al., 1 973BB) and the clinical Institute Withdrawal Assessment Scale for 
Alcohol (Shaw et al, 1981). Both are well validated and will now be described in more detail. 

Total Severity Assessment scale 

The TSA scale was developed by Gross etal. (1973) in an attempt to improve differentiation of degrees 
of severity in alcohol -withdrawal states and facilitate the quantification of the withdrawal syndrome. 
Gross etal. began by reviewing 10 previously published scales utilized in a variety of treatment studies. 
These varied from those that simply recorded the presence or absence of symptoms, to those that rated 
severity. Gross et al. (1 973) considered mem all to be inadequate and produced their own prototype 
TSA. The scale contains 30 variables which are rated on an 8-point scale. Zero indicates the absence of a 
symptom, whilst 7 indicates the maximum severity. The 30-item scale was intended as a research tool 
and a shorter 1 1 -item scale, the SSA, was produced for clinical use. 

Reliability of the instruments was assessed by randomly selecting 18 in-patients in 'acute withdrawal' 
who were then assessed by two nurses, individually, each day. The different nurses visited the patients 
2 12 h apart. Correlation coefficients were then calculated. Of the 30 items, eight, including three SSA 
items, were not evaluated. Six of me 22 items rated (including two SSA) did not show statistically 
significant correlation between the two assessors' scores. This left only 16 of the 30 items in the TSA 
(six of 1 1 SSA) with statistically significant correlations, suggesting that they might be reliable measures 
of withdrawal severity. Gross etal. (1973) explained the low level of reliability by the inherent 
fluctuation in symptom severity in what is an acute organic brain syndrome. Subsequent trials revealed 
me TSA to be valid when compared to global rating scales, but the extensive training of e valuators 
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required to achieve reliability limited widespread use. 
Clinical Institute Withdrawal Assessment (CIWA) scale 

J 1 * ***** ^ deVd0ped frora fte SSA > to at more frequent intervals 

dunng the day. This resulted in a 15-item scale, which retained just seven of the 1 1 SSA items, tater- 
rater rehabiliiy was demonstrated by comparing assessments made by seven trained nurses on three 
video cases. Vahdity was considered by comparison of scores on CIWA rated by nurses, with a 3-point 
global rating of severity of withdrawal made by a physician at the initial assessment (Shaw, 1981a) 
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The neural basis of drug craving: 
an incentive-sensitization theory of addiction 
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This paper presents a biopsychological theory of drug addiction, the 'Incentive-Sensitization Theory'. The theory addresses three fundamental 
questions. The first is: why do addicts crave drugs? That is, what is the psychological and neurobiological basis of drug craving? The second is: 
why does drug craving persist even after long periods of abstinence? The third is whether 'wanting' drugs (drug craving) is attributable to 'liking' 
drugs (to the subjective pleasurable effects of drugs)? The theory posits the following. (1) Addictive drugs share the ability to enhance 
mesotelencephalic dopamine neurotransmission. (2) One psychological function of this neural system is to attribute 'incentive salience' to the 
perception and mental representation of events associated with activation of the system. Incentive salience is a psychological process that 
transforms the perception of stimuli, imbuing them with salience, making them attractive, 'wanted', incentive stimuli. (3) In some individuals the 
repeated use of addictive drugs produces incremental neuroadaptations in this neural system, rendering it increasingly and perhaps permanently, 
hypersensitive ('sensitized') to drugs and drug-associated stimuli. The sensitization of dopamine systems is gated by associative learning, which 
causes excessive incentive salience to be attributed to the act of drug taking and to stimuli associated with drug taking. It is specifically the 
sensitization of incentive salience, therefore, that transforms ordinary 'wanting' into excessive drug craving. (4) It is further proposed that 
sensitization of the neural systems responsible for incentive salience (for 'wanting') can occur independently of changes in neural systems that 
mediate the subjective pleasurable effects of drugs (drug 'liking') and of neural systems that mediate withdrawal. Thus, sensitization of incentive 
salience can produce addictive behavior (compulsive drug seeking and drug taking) even if the expectation of drug pleasure or the avers ive 
properties of withdrawal are diminished and even in the face of strong disincentives, including the loss of reputation, job, home and family. We 
review evidence for this view of addiction and discuss its implications for understanding the psychology and neurobiology of addiction. 
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A firtn conviction of the tnaterial reality of Hell never prevented medieval Christians from doing what their ambition, lust or coi stousness 
suggested, hung cancer, traffic accidents and the millions of miserable and misery-creating alcoholics are facts even more certain than was, in 
Dante's day, the fact of the Inferno. But all such facts are remote and unsubstantial when compared with the near, felt fact of a crat ing here and 
now, for release or sedation, for a drink or a smoke. 



(Aldous Huxley, The Doors of Perception, 1951) 

1. INTRODUCTION 

There are three major features of addictive behavior 
that need to be explained by any adequate theory of 
drug addiction *. The first is drug craving?, by which 
we simply mean intensely 'wanting'? drugs 184 . Al- 
though drug addiction? is defined as a pattern of 
'compulsive drug- taking behavior', drug taking does 
not in itself constitute addictive behavior. Only when 
the repeated self-administration of drugs leads to a 
pattern of compulsive drug-seeking and drug-taking 
behavior, which occurs at the expense of most other 
activities, is a person said to be addicted 79,148 . To 
understand addiction, therefore, we need to under- 



stand the process by which drug-taking behavior evolves 
into compulsive drug-taking behavior. Presumably this 
transformation in behavior occurs because addicts de- 
velop an obsessive craving for drugs, a craving that is so 
irresistible that it almost inevitably leads to drug seek- 
ing and drug taking. It is difficult, of course, to provide 
an adequate definition of subjective terms, such as 
'wanting' and craving 184 ' 363 , but clinical experience sug- 
gests that drug craving is fundamental to addiction; it 
cannot be ignored. Any satisfactory account of addic- 
tion must explain: why do addicts want or crave drugs 
so much? 

Drug addiction is also "a chronic relapsing horder" 
(ref. 148, p. 522). The second major feature of addic- 



* Many of the terms in this article are used in different ways by different authors and they are not always clearly defined. To avoid ambiguity 
we have provided a glossary with definitions of many of the most problematic terms. Thus, a reference to the glossary, which will he indicated 
by the symbol, t, refers the reader to the definition of a term. The reader may not always agree with a given definition, but we hope at least 
this makes it clear what wc mean. 
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tion that must be explained, therefore, is: why drug 
craving often persists or can be reinstated, long after 
the discontinuation of drug use. An understanding of 
the propensity to relapse will be critical not only for 
understanding the process of addiction, but in develop- 
ing effective therapies. 

A third feature of drug addiction that requires ex- 
planation is that, as drugs come to be 'wanted' more- 
and-more, they often come to be 'liked' less-and-less. 
That is, as craving for drugs increases the pleasure 
derived from drugs often decreases. Why is this? What 
is the relationship between 'wanting' drugs and 'liking' 
drugs and does this relationship change during addic- 
tion? 

The purpose of this article is to present a biopsycho- 
logical theory of addiction, an Incentive-Sensitization 
Theory, that addresses these issues *. The paper is 
organized into four parts. In Part I the. theory is 
summarized to give a brief overview of its major fea- 
tures. In Part II the theory is put into a broader 
context by critically discussing other theories of addic- 
tion, specifically negative reinforcement (e.g., with- 
drawal avoidance) and positive reinforcement (e.g., 
pleasure-seeking) theories. In doing so it is argued that 
theories based on the concepts of negative or positive 
reinforcement? do not adequately explain the key fea- 
tures of addiction discussed above. In Part III research 
findings that support the concept of an Incentive- 
Sensitization Theory are reviewed. Finally, in Part IV 
the theory is elaborated and its implications discussed 
in greater detail. 

2. THE INCENTIVE-SENSITIZATION THEORY OF 
ADDICTION: AN OVERVIEW 

The Incentive-Sensitization Theory of Addiction 
posits that addictive behavior is due largely to progres- 
sive and persistent neuroadaptations caused by re- 
peated drug use. It is, if you will, a 'neuroadaptationist 
model'. It is proposed that these drug-induced changes 
in the nervous system are manifest both neurochemi- 
cally and behaviorally by the phenomenon of 'sensitiza- 
tion', which refers to a progressive increase in a drug 
effect with repeated treatment 272 - 291 . These sensitiza- 
tion-related neuroadaptations have not been consid- 
ered in previous theories of addiction. In fact, until 
recently, the phenomenon of sensitization usually was 
not mentioned in books and articles on addiction and if 



sensitization was mentioned, it was referred to only in 
passing, as part of a more extensive discussion of 
tolerance. Nevertheless, it is proposed here that the 
defining characteristics of addiction (craving and re- 
lapse) are due directly to drug-induced changes in those 
functions normally subserved by a neural system that 
undergoes sensitization-related neuroadapta Hons. 

The neural system that is rendered hypersensitive 
('sensitized') to activating stimuli is hypothesized to 
mediate a specific psychological function involved in 
the process of incentive motivation: namely the attribu- 
tion of incentive saliencef to the perception and mental 
representation of stimuli and actions. This makes stim- 
uli and their representations highly salient, attractive 
and 'wanted'. It is the activation of this neural system 
that results in the experience of 'wanting', and trans- 
forms ordinary stimuli into incentive stimuli. 

Sensitization of this neural system by drugs results 
in a pathological enhancement in the incentive salience 
that the nervous system attributes to the act of drug 
taking. The co-activation of associative learning directs, 
the focus of this neurobehavioral system to specific 
targets that are associated with drugs and leads to an 
increasing pathological focus of incentive salience on 
drug-related stimuli. Thus, with repeated drug use the 
act of drug taking and drug-associated stimuli, gradu- 
ally become more and more attractive. Drug-associated 
stimuli become more and more able to control behav- 
ior, because the neural system that mediates 'wanting' 
becomes progressively sensitized. 'Wanting' evolves into 
obsessive craving and this is manifest behaviorally as 
compulsive drug seeking and drug taking. Therefore, 
by this view, drug craving and addictive behavior are 
due specifically to sensitization of incentive salience. 

But 'wanting' is not 'liking'. The neural system 
responsible for 'wanting' incentives is proposed to be 
separable from those responsible for 'liking' incentives 
(i.e., for mediating pleasure) and repeated drug use 
only sensitizes the neural system responsible for 'want- 
ing'. Because of this, addictive behavior is fundamen- 
tally a problem of sensitization-induced excessive 
'wanting' alone. This is in contrast to 'pleasure-seek- 
ing' theories of addiction, which explicitly assume that 
the incentive motivational properties of drugs are due 
directly to their subjective pleasurable effects; i.e., their 
ability to produce positive affective states. In colloquial 
language, it is usually assumed that addicts 'want' 
drugs because they 'like' drugs and the more they 'like' 



* This paper is not a comprehensive review of the primary research literature on addiction and addictive drugs. We cite review articles to 
support specific points in many instances. Readers should consult these review articles for more extensive lists of citations to the primary 
literature. 
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them the more they should 'want' them. In this tradi- 
tional view 'wanting' and 'liking' drugs are necessarily 
connected. The Incentive- Sensitization Theory is 
unique, however, because we propose the progressive 
increase in drug 'wanting' that characterizes addiction 
is not accompanied by an increase in the pleasure 
derived from drugs. Repeated drug use does not sensi- 
tize neural systems responsible for the subjective plea- 
surable-1- effects of drugs, only those responsible for 
incentive salience - transforming 'wanting' into crav- 
ing. 

In addition, the neuroadaptations underlying behav- 
ioral sensitization are long-lasting and in some cases 
they may be permanent. It is hypothesized that it is the 
persistence of sensitization-related neuroadaptations 
that renders addicts hypersensitive to drugs and to 
drug-related stimuli, even after years of abstinence. It 
is the permanence of sensitization that is thought to 
render drug-related stimuli so effective in precipitating 
relapse, even in detoxified, 'recovered' addicts. 

Finally, it is hypothesized that the neural substrate 
for incentive-sensitization (that is the neural system(s) 
that normally attributes salience to incentive stimuli 
and becomes sensitized by addictive drugs) is the 
mesotelencephalic dopamine system. Sensitization re- 
sults in an increase in the responsiveness of the 
dopamine system to activating stimuli, such that acti- 
vating stimuli produce a greater increase in dopamine 
neurotransmission in sensitized than in non-sensitized 
individuals. The relationship between changes in 
dopamine neurotransmission, the subjective pleasur- 
able effects of drugs and incentive salience, which 
occurs during addiction according to the Incentive- 
Sensitization Theory, are illustrated schematically in 
Fig. 1. 

The Incentive-Sensitization Theory of Addiction will 
be discussed in much greater detail later. Before that, 
however, we need to address the features of addictive 
behavior that are not adequately explained by other 
theories of addiction and thus require explanation by a 
new theory. The most widely accepted theories of 
addiction presently fall into two classes: negative rein- 
forcement models (e.g., drugs are taken to avoid the 
symptoms of withdrawal) and positive reinforcement 
models (i.e., drugs reinforce self-administration behav- 
ior by producing pleasure). There have been many 
papers describing the strengths and short-comings of 
negative and positive reinforcement views of addic- 
t j on «6.32fi,363,365 * t j s not necessar y to review this 

entire literature in great detail here. Instead, negative 
and positive reinforcement models will be only briefly 
summarized and their difficulty in explaining several 
key features of addiction (e.g., craving and relapse) will 
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Fig. 1. A schematic illustration of changes, as addiction develops, in 
(A) the pleasurable affective experience produced by drugs: B) the 
incentive salience attributed to drug-associated stimuli and their 
mental representations and to other stimuli; and (C) the activ iion of 
dopamine systems (arrows); as proposed by Incentive-Sensit; .ation. 
Dopamine systems are hypothesized to provide the neural si *>strate 
for incentive salience. Panel I depicts the subjective experience and 
degree of incentive salience in a normal individual (before taking a 
drug). We assume the person is not depressed and therefu; u the 
normal affective state is fairly neutral, but slightly in the positive 
direction (as is incentive salience). Panel 2 indicates that the initial 
drug experience (or first few drug experiences) results in a marked 
increase in subjective pleasure (the drug is 'liked') and i the 
attribution of salience to stimuli in the immediate envirc nent. 
These are not yet 'drug-related' stimuli because they have r.->t yet 
been linked associatively with the drug experience. (Note th.-t the 
initial drug experience could also have aversive component-, but 
these are not depicted here.) The initial drug experience is act mpa- 
nied by an increase in dopamine neurotransmission, as indica ? ;d by 
an increase in the size of the arrow in the lower panel indi ating 
'dopamine activity*. Panel 3 shows that after many drug exper, nces 
and the development of addictive behavior, the response to the ^ame 
dose of the drug shown in Panel 2 is changed. In the addk> the 
subjective pleasurable effects of the drug are decreased d e to 
tolerance (alternatively, they could be unchanged, as discus; d in 
Fig. 2 and Note 5 in Ch. 6). But the incentive salience attributed to 
drug taking is markedly enhanced due to sensitization of the reural 
system responsible for the attribution of incentive salience. D e to 
associative conditioning there is a focus of incentive salience or. vhat 
are now drug-associated stimuli. It is further hypothesized th; this 
sensitization of incentive salience is due to sensitization of dope, nine 
neurotransmission (large arrow in lower panel; but also see Not 4 in 
Ch. 6). Panel 4 shows that in the addict exposure to conditi ncd 
incentive stimuli (stimuli that have acquired incentive value thr >ugh 
their association with drugs) may produce effects similar to the Jrug 
itself, but of lesser magnitude. It is the sensitization of incentive 
salience depicted in Panels 3 and 4 that is hypothesized tc be 
responsible for excessive drug 'wanting* (craving) in the ad.fict, 
leading to compulsive drug-seeking and drug-taking behavior. 



be emphasized, primarily to provide a comparison u ith 
the Incentive-Sensitization Theory. We want to stress, 
however, that none of these views are mutually exclu- 
sive. Pleasure-seeking, escape from distress and incen- 
tive-sensitization probably each play some role in 
drug-taking behavior. 

3. THEORIES OF ADDICTION 

3.L Negative reinforcement views of addiction (escape 
from distress) 

Historically, the aversive consequences of discontin- 
uing drug use (the withdrawal syndrome) have been a 
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central focus of research on addiction, in part because 
many early studies were on opiates, which produce 
clear tolerance and physical withdrawal symptoms. This 
research emphasized the action of drugs as negative 
reinforcers t64, 148, 180,227,3 12,326,337349,365 To parap hrase 

Wise and Bozarth 365 , negative reinforcers sustain be- 
havior (drug seeking and drug taking in this case) not 
because of the state they produce, but because of the 
state they alleviate. According to this negative rein- 
forcement view of addiction drug use is maintained 
because the aversive symptoms associated with with- 
drawal are alleviated by the drug. Addictive drugs that 
do not result in overt physical withdrawal symptoms, 
such as cocaine and the amphetamines, are thought to 
act as negative reinforcers by alleviating a ' psychologi- 
cal distress syndrome' produced by the discontinuation 
of drug use (ref. 105 for example). In addition, previ- 
ously neutral environmental stimuli associated with 
withdrawal can themselves come to elicit withdrawal- 
like symptoms, by secondary conditioning 305,306,357 . 
Thus, drugs may not only alleviate 'primary' with- 
drawal symptoms, but also the conditioned withdrawal 
symptoms induced by exposure to drug-related stimuli. 
A second negative reinforceme nt view is that drugs are 
sometimes used to 'self-medicate', relieving preexistent 
symptoms such as pain, anxiety or depression that 
occur in life independent of drug use (ref. 170 for 
example). 

The traditional focus on withdrawal and tolerance 
was driven by the assumption that these processes are 
critical for the development and maintenance of addic- 
tive behavior. It is now clear, however, that the avoid- 
ance of withdrawal is not the most important factor in 
the development or maintenance of addictive behavior, 
although certainly the avoidance of withdrawal may 
motivate drug-seeking and drug-taking behavior in 
some instances. A number of leading figures in drug 
addiction research have noted, for example, that 
* 'physical dependence is neither a necessary nor suffi- 
cient condition for addiction" (ref. 365, p. 470), that 
'for rats and monkeys physical dependence is neither a 
necessary nor a sufficient condition for opiates to act 
as reinforcers" (ref. 290, p. 186) and that "physical 
dependence is currently viewed not so much as a direct 
cause of drug dependence but as one of several factors 
that contribute to its development" (ref. 148, p. 527). A 
number of critiques of negative reinforcement theories 
< >f addiction have been published 86 * 149 ' 326 * 363 ' 365 and the 
major shortcomings of negative reinforcement theories 
in explaining addiction are briefly summarized below. 
3. LI. Problems with nega live reinforcement views 
— Both people and animals will self-administer opioids 
in the absence of withdrawal symptoms or physical 



dependence 335 * 372 . For example, Ternes et al. 335 found 
that in cynomolgus monkeys the opioid, hydromor- 
phone, maintained self- administration at doses that 
produced neither tolerance nor physical dependence, 
the latter indicated by the absence of any effect of a 
naloxone challenge. Similarly, Lamb et al. 192 recently 
reported that former heroin addicts, who showed no 
withdrawal symptoms upon a naloxone challenge, nev- 
ertheless worked at high rates (lever pressed) to re- 
ceive a low-dose injection of morphine. 

- Maximal periods of drug self-administration often do 
not coincide in time with periods of maximal with- 
drawal distress 365 . This lack of correlation between 
withdrawal distress and drug-seeking behavior is also 
evident in comparisons made across drug classes. Jaffe 
(ref. 149, p. 9) notes that, although the severity of the 
withdrawal syndrome associated with different drugs 
varies dramatically, ranging from very subtle physiolog- 
ical signs to life-threatening consequences, "there is 
little correlation between the visibility or physiological 
seriousness of withdrawal signs and their motivational 
force" in maintaining addictive behavior. 

- There are many drugs used medically that produce 
withdrawal syndromes but "are not typically self-ad- 
ministered for non-medical purposes", including "cer- 
tain tricyclic antidepressants (imipramine, amitripty- 
line), anticholinergics and *c-opioid agonists" (ref. 149, 
p. 9). 

- There are numerous reports that the "relief of 
withdrawal is minimally effective in treating addiction" 
(ref. 365, p. 470 for references). 

- There is a high tendency to relapse even after an 
extended period of abstinence from drugs, long after 
overt withdrawal symptoms have subsided. This is usu- 
ally explained in the context of conditioned withdrawal 
effects, whereby environmental stimuli associated with 
withdrawal come to elicit withdrawal-like symp- 
toms 306,357 are? however, a number of problems 
with this explanation. (1) At least a third of opiate 
addicts deny that they experience conditioned with- 
drawal symptoms when they are exposure d to drug-re- 
lated stimuli 50 . (2) Although many opiate addicts expe- 
rience conditioned withdrawal symptoms very few cite 
this as the reason for resuming drug use 212 . There is, in 
fact, a poor correlation between craving and with- 
drawal signs'". Even withdrawal- like physiological 
symptoms induced by drug-associated cues (e.g., tem- 
perature, skin resistance, heart rate) are not highly 
correlated with reports of subjective state 140 . (3) Stewart 
et al. (ref. 326, p. 258) have argued that "attempts to 
demonstrate such conditioned withdrawal symptoms 
increase the probability of drug taking and relapse in 
animals have been unsuccessful" (ref. 329 as well). 
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- A number of researchers have noted that self-re- 
porte d craving for some drugs, such as cocaine, is often 
highest immediately after drug administration, when 
the drug is producing subjective pleasure (a 'high') and 
withdrawal symptoms are eliminated or are at their 
weakest MW^imso^is^ jf drug craving were due to a 
desire to relieve withdrawal symptoms (ref. 64 for 
example), it would be expected that craving would 
dramatically decrease when the drug alleviates with- 
drawal and is producing pleasure, not be sustained or 
even increase. 

- Finally, animals will avidly self-administer a variety 
of drugs directly into brain regions that do not produce 
withdrawal symptoms 366 . Furthermore, the infusion of 
drugs into these same brain regions can 'prime' or 
reinstate responding in animals in which drug respond- 
ing has been extinguished 326 . These studies have estab- 
lished that the incentive motivational effects of cen- 
trally applied drugs can be dissociated from their nega- 
tive reinforcing or withdrawal-related effects. 

For the reasons summarized above it is now gener- 
ally accepted that the negative reinforcing effects of 
drugs are not necessary for the development and main- 
tenance of addictive behavior. Escape from distress 
cannot explain the defining characteristics of addiction, 
craving and relapse. We do not wish to imply, however, 
that withdrawal plays no role at a!! in the maintenance 
of addictive behavior. The alleviation of withdrawal 
distress may indeed sometimes motivate drug-see king 
and drug-taking behavior. In addition, the positive 
reinforcing effects of drugs may be enhanced when 
drugs are given during periods of withdrawal 
distress 86,290 . However, relief from withdrawal symp- 
toms cannot be the sole cause or even the primary 
cause of drug craving and compulsive drug-taking be- 
havior. 

32. A positive reinforcement view of addiction 
(pleasure-seeking) 

In part because of the shortcomings of negative 
reinforcement theories of addiction more recent for- 
mulations have focussed on the role of drugs as posi- 
tive reinforcerst 148,326,349,363,365 . Most drugs that are 
self-administered by people also act as positive rein- 
forcers for animals. Thus, a positive reinforcement 
view of addiction posits that drug self-administration is 
maintained because of the state drugs induce, not 
because they alleviate an unpleasant state 326,363 * 365 . 

But to state that addictive drugs are positive rein- 
forcers does not explain addiction. As pointed out by 
Wise and Bozarth (ref. 365, p. 472): "To assert that all 
addictive drugs are reinforcers is to do little more than 
redefine the phenomenon of addiction."... "To identify 



a drug as reinforcing goes no further than to identify 
the drug as addicting, because it is the common obser- 
vation of habitual self-administration that serves as the 
basis for most definitions of both drug reinforcemt \[ 
and drug addiction. A theory of addiction based on the 
concept of reinforcement would have to identify no- 
tions of drugs that arc operationally independent ){ 
self-administration habits in order to offer insight as o 
why drugs are addictive." That is, positive reinfou > 
ment is merely a description of a behavioral effect, mt 
an explanation of the effect 307 . The critical questio is 
are, why are some drugs positively reinforcing (i. •., 
what specific actions of drugs are positively reinfo: > 
ing) and why do drugs become more effective rei i- 
forcers as addiction develops? It is usually assum d 
that drugs act as positive reinforcers because th y 
produce pleasure. Thus, Wise and Bozarth state l5 
"the only existing positive reinforcement view of add J- 
tion that might qualify as an explanatory theory iden i- 
fies positive reinforcement with drug euphoria. In t! is 
view drugs are addicting (establish compulsive habi s) 
because they produce euphoria or positive affect" (ref. 
29 and ref. 213, p. 474). Similarly, Stewart et a!.' 26 
argued that compulsive drug use is maintained l>y 
appetitive motivational states generated by the abili :y 
of drugs to produce positive affective statesf. 

There are, however, a number of problems with t! e 
hypothesis that the subjective pleasurable (hedoni :) 
effects of drugs are either necessary or sufficient o 
motivate compulsive drug-seeking and drug-taking b > 
havior. As put by Dews 72 over 15 years ago, "it w is 
supposed that the prediction of addiction liability w is 
essentially equivalent to prediction of euphoriger ic 
power. As with most self-evident ideas, the mere mi t- 
ter of there being essentially no evidence in favor of it 
and much against it, had little effect on its acceptance" 
(p. 75). 

3.2.1 . Problems with a positive reinforcement / euphor a 
view of addiction 

- If the positive reinforcing effects of drugs are primar- 
ily due to their ability to produce pleasurable affective 
states (euphoria?) and if this is sufficient to produce 
addictive behavior, the subjective pleasurable effects of 
drugs must be enormous. Indeed, the subjective plea- 
surable effects of drugs would have to be so potent that 
just the memory of drug experiences would be suffi- 
cient to evoke compulsive drug-seeking and drug-tak- 
ing behavior. Although addictive drugs can indetd 
produce extremely pleasant affective states (anony- 
mous, personal communication) it is difficult to believe 
that this property of drugs alone is sufficient to account 
for addiction. For one, there is no clear relationship 
between the ability of individual drugs to produce 
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euphoria and their addictive potential. For example, 
nicotine is considered highly addictive, but nicotine 
does not produce marked euphoria or other strong 
hedonic states (ref. 266 for example). Also, many ad- 
dictive drugs can actually produce strong dysphoric 
states, especially with initial use. Second, it could be 
argued that in addicts the magnitude of the negative 
consequences of continued drug use often far outweigh 
the magnitude of drug pleasure or the memory of drug 
pleasure. In fact, to most people (including many ad- 
dicts), the negative consequences of continued drug 
use, including loss of health, friends, family, home and 
tob, seem enormous relative to the pleasure derived 
From drugs. Falk et al. 86 have pointed out (p. 58): "the 
apparent irrationality of these activities [drug use]. The 
activities seem to produce more harm than benefit for 
the individual. How could creatures have evolved such 
powerful, wasteful and even self-destructive propensi- 
ties? Not only are the activities apparently irrational, 
but also an apparent disparity exists between the im- 
mediate consequences of the behavior and its strength. 
The rush of an intravenous injection is transient and 
with street-quality heroin, rarely dramatic. Yet, the 
drug somehow can support day-long hustling and de- 
termine a whole subculture". 

Indeed, addicts will sometimes report that they are 
miserable, that their life is in ruins and that the drug is 
not even that great anymore - but they still want it! 
Addicts themselves often are bewildered by the inten- 
sity and irrationality of their own 'wanting'. It is diffi- 
cult to explain this situation by just evoking short-last- 
ing drug pleasure. If the incentive motivational effects 
of drugs are due only to their ability to produce tran- 
sient pleasure, but the aversive consequences of contin- 
ued drug use eventually come to far outweigh the 
pleasurable effects - and, if drug taking behavior is 
maintained by simple contingencies of reinforcement, 
self-administration behavior should extinguish. But it 
usually does not (although see Falk et al? for a 
discussion of the unique effects of intermittent sched- 
ules of reinforcement). 

- A positive reinforcement/euphoria view of addiction 
does not adequately explain drug craving or relapse 
elicited by environmental stimuli associated with drug 
taking. Both Stewart et al. 326 and Wise and Bozarth 365 
have argued convincingly that drug-related stimuli can 
evoke 'drug-like' effects that serve to motivate further 
drug-seeking and drug-taking behavior. They recently 
termed this view a 'proponent-process theory' 329 , in 
contrast with the 'opponent-process' view associated 
with negative reinforcement models 182 * 312 . Stewart and 
Wise 329 argue "it is drug-like processes rather than 
drug-opposite processes that whet the appetite and 



stimulate renewed responding. In this view it is the 
'taste' of the drug or the experience of stimuli that - 
through Pavlovian conditioning - cause drug-like cen- 
tral effects that motivate drug intake in experienced 
subjects" (p. 80). 

The question remains, however, what exactly is this 
'drug-like process'? One possibility is that it resembles 
the positive affective state, the pleasurable state, 
evoked by the drug itself. That it is equivalent to what 
has been called a conditioned 'high' 50 . For example, 
Stewart et al. 326 say: "Conditioned drug effects that 
mimic the unconditioned drug effects, as are condi- 
tioned positive affective states, are elicited by the envi- 
ronment where these drugs are experienced." (p. 264, 
our italics). In this view drug-associated stimuli may 
evoke 'conditioned pleasure', which reminds the addict 
of the even greater pleasure of the drug itself, thus 
motivating the individual to once again obtain the 
drug 362 . 

Addicts do report conditioned 'highs', as in the 
example of the oft cited 'needle freak'. In laboratory 
studies, however, self-reports of conditioned 'highs' 
occur much less frequently than self-reports of either 
conditioned craving or conditioned withdrawal-like 
signs 50,229 . Self reports of conditioned craving are espe- 
cially frequent. This suggests that conditioned craving 
is dissociable from conditioned 'highs' and therefore, 
in many instances, drug craving is not caused by a 
conditioned 'high'. How then is craving explained in 
the context of a positive reinforcement/euphoria view 
of addiction? 

A second possibility is that relapse in a 'recovered' 
addict is triggered by cues that evoke an explicit mem- 
ory or representation of past drug experiences. Unlike 
a 'conditioned high', which is accompanied by an affec- 
tive experience similar to that produced by the drug 
itself, an explicit memory need not be pleasant in itself. 
It recalls past pleasure in a cognitive form, as a seman- 
tic proposition or as a conscious image of the act of 
drug taking and spurs the addict to attempt to regain 
the remembered experience of pleasure once again. 

An 'explicit memory of past pleasure' interpretation 
of relapse is not implausible and may describe some 
instances of relapse. But an interpretation that posits 
explicit memories of taking drugs to be a sufficient 
cause for relapse finds it difficult to explain why re- 
lapse occurs only when it does. No addict who relapses 
after months or years of abstinence could possibly not 
have remembered drug experiences many times before. 
During the process of withdrawal every addict must 
often recall and dwell upon memories of the drug 
experience. Once wit hdrawal is successfully endured 
the circumstances of daily living would cause one to 
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sometimes remember earlier times, when life was dif- 
ferent and drugs were the focus. Even without any 
particular cue or reminder, the mere process of free 
association would often call to mind scenes from ear- 
lier life, including upon occasion, drug-related experi- 
ences. Why should the explicit memory of a drug 
experience suddenly be sufficient to trigger relapse, 
when a person has had innumerable previous memo- 
ries of drug experiences without relapse? 

An 'explicit memory of past pleasure' interpretation 
might reply that, because relapse is often triggered by 
particular situations that have been paired with drug 
use in the past, these situations evoke a memory that is 
more vivid than all the memories that have come 
before. Whether this is true or not is an empirical 
question. Certainly, vivid memories can be triggered by 
associative cues and there is ample evidence that asso- 
ciative context is a powerful modulator of conditioned 
behavior; although whether context modulates explicit 
memories in this way is less clear (ref. 259 for example). 
However, images or other forms of conscious remem- 
bering that occur during withdrawal, daily life or free 
association might also be expected to be fairly vivid at 
least some of the time. It is not intuitively obvious that 
these memories should necessarily differ in vividness or 
in any other subjective quality that might explain why 
some conscious memories provoke relapse when others 
do not. In other words, an 'explicit memory' hypothesis 
places an extraordinary explanatory burden on the 
crucial assumption that relapse-provoking memories 
are qualitatively different from the myriad other mem- 
ories of drugs that do not provoke relapse. As far as we 
know, there is no evidence to support this assumption. 
- The most compelling evidence against the idea that 
drug taking is necessarily motivated by the subjective 
pleasurable effects of drugs comes from studies show- 
ing that drug self-administration can be maintained in 
the absence of subjective pleasure; that is, subjective 
pleasure is not necessary to maintain drug-seeking and 
drug-taking behavior. A striking example of a dissocia- 
tion between the incentive motivational effects of mor- 
phine and the subjective pleasurable effects of mor- 
phine was reported recently by Lamb et al. 192 . These 
researchers found that opiate 'postaddicts' would work 
(press a lever) to get an injection of a low dose of 
morphine, despite the fact that four of five people 
could not distinguish the subjective effects of the mor- 
phine from the placebo - but the placebo did not 
reinforce lever pressing (ref 151 as well). In other 
words, people 'self-administered' a low dose of mor- 
phine and not the placebo, but reported that neither 
the drug nor the placebo produced pleasure; there was 
no subjective difference between them. Similar effects 



have been reported by Fischman and Foltin 94,95 in 
laboratory studies of cocaine self-administration behav- 
ior in humans. Cocaine users reliably choose a low 
dose of cocaine (4 mg) over placebo, although this di se 
produces no self-reported subjective effects or card ;r> 
vascular effects. In addition, Fischman and Foltin 45 
report that within-session tolerance to many of the 
cardiovascular and subjective (euphoric) effects p; o- 
duced by higher doses of cocaine is not accompanied 
by changes in drug-taking behavior; that is, within a 
self-administration session a dissociation develops be- 
tween the subjective effects of cocaine and coca ; ie 
self-administration behavior. 

On the basis of their study Lamb et al. 192 concluc 1 .:d 
"that the reinforcing effects of morphine can occur in he 
absence of self-reported subjective effects and thus, lo 
not appear to be causually related to drug-liking or 
euphoria" (p. 1172, our italics). Similarly, when asL ;d 
to speculate what maintains the self-administration of 
cocaine in the absence of subjective pleasure Fist to- 
man 95 replied: 

"I think cocaine is maintaining their behavior! If 
you want to know what the subjects say about th ir 
self-administration of these low doses, they tell i ie 
that they were not choosing cocaine over place! o. 
They often insist that they were sampling equj iy 
from each of the two choice options and both wt re 
placebo. On the other hand, if you look at the d; ta 
from that session, you see that they were choos; ig 
the low dose (as low as 4 mg) or the dose with IO 
measurable effect."... "I do not believe that meas r- 
ing subjective effects provides us with the inforr i- 
tion about 'what' is maintaimng their cocaine-t k- 
ing. The best we can say at this point is that it is ; ie 
cocaine that is mamtaining cocaine-taking" (p. 17 0. 
Of course, these studies also suggest that a mem* y 
or representation of the subjective pleasurable effec t$ 
of morphine or cocaine is not required to sust;) n 
drug-taking behavior either, because if that were true 
then there should be some subjective difference : a 
memories during low-dose morphine or cocaine cot i- 
pared to the placebo and there was none. Clearly the; e 
is a difference between low-dose morphine or cocait e 
and the placebo, but the data suggest it is not a 
subjective difference; it is not explicit and does n<>t 
have access to conscious awareness. 

Although the effects described by Lamb et al. 192 ai d 
Fischman and Foltin 95 are particularly striking, dissoci- 
ations between the subjective pleasurable effects of 
drugs and drug-taking behavior have been noted previ- 
ously. For example, Falk et al. 86 review studies showing 
that "the subjective effects produced by a drug do not 
necessarily predict whether the drug actually will be 
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self-administered" (p. 58). In addition, Katz and Gold- 
berg 165 describe experiments that suggest "the rein- 
forcing effects and the subjective reports by human 
volunteers are not functionally equivalent entities" (p. 
24) 

Similarly, studies in rats on the affective vs. reinforc- 
ing properties of opiates suggest these actions may be 
mediated by separable neural systems 205,355 . This was 
suggested, for example, by White et al. 355 on the basis 
of studies on the effects of morphine in a runway task, 
In which food was available in the goal box. They found 
:hat morphine acted as a strong positive reinforcer, 
leading to faster and faster running speeds. But at the 
>ame time animals learned to avoid morphine-paired 
■bod. Thus, "the aversive effects of morphine were 
;tccompanied by positive reinforcement, a paradox that 
!S difficult to understand" (ref 355, p. 66). White et 
al. 355 suggested an explanation for this paradox may be 
"that the reinforcing effects of morphine" do "not 
depend upon the affective properties of the drug, but 
that the drug directly activate(s) a neural mechanism of 
I enforcement, which facilitates learning independantly 
of the animal's affective state". 

The studies cited above are very important because 
their findings directly contradict the central premise of 
t positive reinforcement/euphoria view of addiction. 
In our terms, they establish that the incentive motiva- 
tional effects of drugs are not directly attributable to 
tieir subjective pleasurable effects: that is, drug *want- 
i ig' is not equivalent to drug 'liking'. 

In summary, both negative reinforcement (e.g., with- 
drawal avoidance) and positive reinforcement/ 
euphoria (pleasure-seeking) views of addiction have 
cifficulty explaining a number of important features of 
addictive behavior. Any plausible new theory of addic- 
tion needs to address the same issues and better ex- 
plain them. Specifically, an adequate theory of addic- 
ton must explain: 

(1) What accounts for drug craving elicited by drug-as- 
sociated stimuli, if craving is not causally related to 
conditioned withdrawal signs, conditioned 'highs' or 
the explicit memory of past pleasure? 

(2) Why is craving sometimes highest immediately after 
drug administration, when subjective pleasurable ef- 
fects are still predominant? 

(5) Why does obsessive craving for drugs persist in the 
face of enormous negative consequences associated 
w ith continued drug use, and relatively modest subjec- 
tive pleasurable effects? 

(4) How can low doses of drugs, which do not produce 
discernible subjective pleasure or physical dependence, 
maintain drug-seeking and drug-taking behavior? 

(5) Why is relapse such a prevalent and persistent 



feature of addiction, even in 'recovered' addicts? 
(6) Why can relapse be precipitated by so many differ- 
ent stimuli (drugs, environmental stimuli associated 
with drugs, mood changes)? 

3.3. Requirements of an Incentive-Sensitization Theory of 
Addiction 

Neither traditional positive reinforcement nor nega- 
tive reinforcement theories of addiction provide com- 
pelling answers to the questions listed above. We will 
argue below that the Incentive-Sensitization Theory of 
Addiction does. The Incentive-Sensitization Theory was 
introduced as a 'neuroadaptationist' model. It posits 
that repeated intermittent drug use results in incre- 
mental and persistent changes in a neural system that 
mediates craving for drugs; to be more precise, in a 
neural system responsible for the attribution of incen- 
tive salience (not pleasure) to stimuli. We first need to 
ask, therefore, whether there is any experimental evi- 
dence that repeated exposure to addictive drugs can 
produce neuroadaptations that meet the relevant crite- 
ria. The criteria required of such neuroadaptations in 
order for the theory to be true include the following: 

(1) To the extent that the excessive incentive salience 
elicited by drugs is mediated by a common substrate, 
there should be a common neural system affected by 
many different addictive drugs. 

(2) To explain the progressive development of addictive 
behavior repeated drug administration should render 
this neural system hypersensitive in a gradual and 
incremental fashion. 

(3) To explain the persistence of relapse these drug-in- 
duced neuroadaptations should persist for very long 
periods of time (if not permanently) following the 
discontinuation of drug use. 

(4) To explain the role of drug-associated stimuli in 
relapse the expression of these neuroadaptations should 
be susceptible to conditioned stimulus or environmen- 
tal control. 

(5) To explain drug rraving the activation of this neural 
system should mediate the incentive motivational ef- 
fects of drugs and drug-related stimuli and the neu- 
roadaptations produced by drugs should potentiate 
these motivational effects. 

(6) To explain the dissociation between drug 'wanting' 
and drug 'liking' this neural system should not directly 
mediate the subjective pleasurable effects of drugs or 
the subjective pleasure associated with other stimuli. 

Evidence that the repeated use of a number of 
different addict ivc drugs does indeed produce neu- 
roadaptations that meet each of those criteria is pre- 
sented next. 
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4. EVIDENCE FOR THE INCENTIVE- SENSITIZATION 
THEORY OF ADDICTION 

4.1. Criterion 1: there should he a common neural system 
affected by many differen t acidictic e drugs 

Addictive drugs represent a diverse group of com- 
pounds that markedly differ in their behavioral and 
neurochemical actions. Nevertheless, there is increas- 
ing evidence that many addictive drugs share the ability 
to enhance mesotelencephalic dopamine neurotrans- 
mission 73 "^ 5 . This evidence has been reviewed recently 
jnd need not be reiterated here. Suffice it to say that 
the following drugs have been reported to increase 
dopamine neurotransmission in the nucleus accumbens 
and dorsal striatum: amphetamine ('speed'), cathinone 
CKhat'), cocaine ('coke'; 'crack'), methamphetamine 
('ice'; 'crystal meth'), methylenedioxyamphetamine 
(MDA; 'the love drug'); methylenedioxymetham- 
phetamine (MDMA; 'ecstasy'), methylphenidate, 
ethanol, fentanyl ('China white'), methadone, mor- 
phine, nicotine and phencyclidine (PCP; 'angel dust'). 
This common action of diverse drugs is consistent with 
the hypothesis that mesotelencephalic dopamine sys- 
tems mediate, at least in part, the incentive motiva- 
tional properties of many different drugs of abuse 362,363 . 
Although it cannot be said that there is a single neural 
system that is affected by all addictive drugs, dopamine 
systems and their associated structures are affected by 

most "9.363.365. 

4.2. Criterion t the repeated administration of different 
addictive drugs should render a common neural system 
hypersensitive in a gradual and incremental fashion 

Drug effects are known to change when drugs are 
given repeatedly, and some of these changes are known 
involve adaptations in neural elements mediating spe- 
cific drug effects"? Much of the emphasis in the past 
has been on homeostatic neuroadaptations thought to 
underly the development of tolerance and to con- 
tribute to withdrawal symptoms. But as discussed above, 
tolerance and withdrawal do not account for the defin- 
ing characteristics of addiction and therefore, tolerance 
and withdrawal-associated neuroadaptations do not 
meet Criterion 2 under discussion here. 
4.2.1. Sensitization to the psychomotor-activating effects 
of addictive drugs. However, some effects of drugs are 
not decreased, but are actually increased by repeated 
intermittent drug administration. Indeed, for a given 
drug, some effects may decrease (show tolerance) while 
simultaneously other effects increase. This latter phe- 
nomenon has been referred to as behavioral sensitiza- 
tion, behavioral facilitation, reverse tolerance and 



auxoesmesia K,^, • ,62 • 20, ■ 257 • 272 • 29I • 297 ■ 35 ^ We will use the 
term 'sensitization' here. 

Psychomotor stimulant drugs, such as amphetamine 
or cocaine, have been used in the majority of stuJies 
on drug-induced sensitization, and the effects of these 
drugs have been well characterized ikk' so' '257,269,272'*' '554- 
For example, the acute administration of a low -to- 
moderate dose of amphetamine or cocaine produces 
'psychomotor activation', characterized by an increase 
in locomotor activity (ambulation), rearing beh; ior 
and rotational behavior 267 . Higher doses result in the 
emergence of focussed stereotyped behaviors, such as 
repetitive head movements and sniffing and a resul'ant 
decrease in locomotion and rearing 254,284 . The re- 
peated intermittent administration of a constant, i da- 
tively low dose, produces a progressive increase in 
drug- induced locomotor stimulation with each SIR :es- 
sive administration. Repeated administration of a r od- 
erate dose will come to elicit the stereotyped be hi- .ior 
typical of a higher dose, even though it produced nly 
ambulation the first time it was given. Furtherrr ire, 
sensitization-related changes in behavior can come un- 
der strong conditioned stimulus control and this ea- 
ture of sensitization is discussed in more detail be >w. 
In summary, it is the gradual and incremental incr> ase 
in drug-induced 'psychomotor activation' and the 
emergence of increasingly stereotyped behavior, th t is 
usually referred to as 'behavioral sensitization*, i'he 
only comparable stimulant effect that has been cha ac- 
terized in humans is sensitization to the psychotog nic 
effects of amphetamine and cocaine 250 ' 272 * 280,297 . 

Behavioral sensitization is produced by the repe ted 
administration of many different psychomotor sti- 
mulants, including the amphetamines 8,188 ' 272,292 , co- 
caine 160 ' 250 , methylphenidate 40,177 ' 301 , fencamfam ne 3 
and the endogenous trace amine, phenylethylamij e 35 . 
The phenomenon is not limited, however, to clas>ical 
psychomotor stimulants. Other drugs, not traditionally 
considered psychomotor stimulants, also produce psy- 
chomotor activation, enhance dopamine neuron* ns- 
mission and produce behavioral sensitization 7 * 365 . 
These include: opioids 11,153,302 , nicotine 25,52,171 i86 , 
phencyclidine 116 ^ 17,147 ^ 225 , ethanol 58,61,1 14,208,209 and 
MDMA 316 (cf. Note 7 in Ch. 6). 

Repeated intermittent treatment with an addic : ive 
drug not only produces sensitization to that drug, but 
may also produce cross-sensitization to other drugs. 
Although the literature is not entirely consistent, 
cross-sensitization has been reported between drugs in 
the same class (e.g., amphetamine and cocaine) and 
between drugs in different classes (e.g., stimulants and 
opioids) 159,160,268 . Furthermore, cross-sensitization is 
also found between drugs and stress, which led to the 
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suggestion that drugs may induce sensitization by their 
action as stressors 8,9,249 . Evidence for cross-sensi tiza- 
lion between drugs and stress comes from studies 
showing that animals pretreated with drugs like am- 
phetamine, cocaine or morphine are later hyperrespon- 
sive to stress and vice versa, animals sensitized to stress 
iire hyperresponsive to a drug challenge 8 ^ 160 ' 190,196,268 . 
Even the repeated administration of exogenous corti- 
oosterone is reported to increase the locomotor re- 
^ponse to a later challenge with amphetamine'* (see 
also Note 9 in Ch. 6). 

42.2. Sensitization to the incentive motivational effects 
<>f drugs. Of more direct relevance to the process of 
addiction are recent studies on sensitization to the 
incentive motivational properties of addictive drugs. 
There has been relatively little research on this topic, 
but there have been a number of recent experiments, 
using either self-administration procedures or the con- 
ditioned place preference paradigm, which suggest that 
prior exposure to amphetamine, cocaine or morphine 
produces sensitization to the incentive motivational 
effects of these drugs. 

In one of the first reports of this kind Woolverton et 
al 373 found that rhesus monkeys would self-administer 
a low dose of methamphetamine only after they had 
received a regimen of non-contingent injections of 
methamphetamine. That is, the threshold dose neces- 
> ary to sustain self-administration was lowered by 
methamphetamine pretreatment, suggesting "an in- 
creased sensitivity to the reinforcing properties of the 
drug" (p. 740). There are now a number of similar 
I eports in rats 241 . For example, Piazza and his co- 
workers 242,243 have reported that d-amphetamine pre- 
treatment, which induces behavioral sensitization, facil- 
itates the later acquisition of an amphetamine self-ad- 
ministration habit, especially in animals not predis- 
posed to self-administer amphetamine. Similarly, pre- 
treatment with cocaine facilitates the later acquisition 
of a cocaine self-administration habit l37 . 

Sensitization has also been observed with the condi- 
tioned place preference paradigm, in which the place 
where a drug is experienced becomes preferred by an 
itnimal in subsequent choice tests. For example, Lett 195 
examined the influence of amphetamine, cocaine or 
morphine pretreatment on the later acquisition of a 
conditioned place preference produced by the same 
drug. For all three drugs, pretreated (sensitized) ani- 
mals showed a significantly enhanced conditioned place 
preference, relative to control animals. A similar effect 
has been reported following pretreatment with 
morphine 102 or ethanol 114 . 

Cross-sensitization also occurs in these situations. 
Animals pretreated with amphetamine show ah en- 



hanced place preference for morphine, animals pre- 
treated with morphine show an enhanced place prefer- 
ence for cocaine and animals pretreated with morphine 
show an enhanced place preference for amphet- 
amine 195 . These latter findings suggest that the en- 
hancement of the conditioned place preference is not 
due to tolerance to the drug's aversive properties, 
because cross-tolerance does not occur between the 
stimulants and morphine 195 . Similarly, cross-sensitiza- 
tion has been found using self-administration proce- 
dures. Noncontingent pretreatment with amphetamine, 
caffeine or nicotine facilitates the later acquisition of 
cocaine self-administration 136 " 138 * 282 . An especially in- 
triguing example of cross-sensitization between opiates 
and amphetamine was reported recently by Cunning- 
ham and Kelley 62 . These researchers found that the 
repeated intra- accumbens application of a mu receptor 
agonist (morphine or DAMGO) for 4 days potentiated 
(sensitized) the ability of systemic amphetamine to 
later enhance responding for a conditioned reinforcer; 
i.e., a light/tone previously paired with food. 

It was mentioned above that cross-sensitization to 
the psychomotor-activating effects of drugs can occur 
not only between drugs, but between drugs and stress. 
Therefore, the effects of prior stress on the incentive 
motivational effects of drugs are also of interest. In- 
deed, prior stress (tail pinch) facilitates the acquisition 
of an amphetamine self-administration habit 243 . In fact, 
a number of potentially stressful environmental manip- 
ulations, such as social isolation or prenatal stress, are 
reported to increase sensitivity to amphetamine and 
facilitate amphetamine or cocaine self-administration 
behavior 68 ' 152 * 281 . 

In conclusion, these studies establish that not only 
are the 'psychomotor-activating' properties of addictive 
drugs sensitized by repeated drug administration, but 
their incentive motivational properties are sensitized as 
well. Animals sensitized to amphetamine, cocaine or 
morphine later show an enhanced preference for an 
environment associated with drug administration and 
animals sensitized to amphetamine or cocaine show 
enhanced vulnerability to acquire a drug self-adminis- 
tration habit. Obviously, sensitization to the incentive 
motivational properties of drugs (and drug-related 
stimuli) could have a profound influence on the devel- 
opment of addictive behavior. With more-and-more 
drug experience the incentive value of the act of drug- 
taking and of drug-related stimuli would be progres- 
sively enhanced, which would increase the probability 
of repeating drug-seeking and drug-taking behavior in 
the nature (although, see Note 1 in Ch. 6 for a discus- 
sion of the role of response contingency in drug sensiti- 
zat ion). 
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4.2.3. The neural basis of behavioral sensitization. The 
behavioral studies summarized above strongly suggest 
that the repeated administration of many different 
addict ive drugs produces gradual and incremental neu- 
roadaptat ions that render animals hypersensitive to 
these agents. The behavioral studies also provide prima 
facie evidence that sensitization-related neuroadapta- 
t ions involve a hypersensitivity in mesotclencephalic 
dopamine systems. A change in dopamine neurotrans- 
mission is implicated for a number of reasons. First, 
the behaviors that are sensitized by addictive drugs arc 
known to involve an activation of mesotclencephalic 
dopamine systems. There is considerable evidence that 
both the psychomo tor-activating effects and the in cen- 
tive motivational effects of many of these drugs re- 
quires the integrity of mesotelencephalic dopamine 
systems, especially dopamine projections to the ventral 
striatum 362 . Second, the activation of dopamine sys- 
tems appears to be necessary to induce sensitization. 
The sensitization produced by amphetamine, cocaine 
or morphine is prevented by co-treatment with 
dopamine antagonists 121,1871344,345 352 (see ref. 160 for a 
review) and amphetamine sensitization is prevented by 
a 6-OHDA lesion 293 . Third, the application of am- 
phetamine or morphine directly into the ventral 
tegmental area, where dopamine cell bodies are lo- 
cated, induces sensitization'? Fourth, a local 'chal- 
lenge' injection of amphetamine- into the lateral 
ventricle 25 * or nucleus accumbens 178,233 evokes a sensi- 
tized behavioral response in animals treated previously 
with systemic amphetamine. 

Perhaps even more importantly, behavioral sensiti- 
zation is accompanied by changes in mesotelencephalic 
dopamine activity 16fl . 257 - 269 - 272 ^ 54 t For example, am- 
phetamine sensitization is accompanied by an increase 
in amphetamine-stimulated dopamine release from 
striatal tissue in vitro 48 ' 1 76,1 78,271 - 358 * 375 . More recently, 
in vivo microdialysis studies have shown that although 
amphetamine sensitization is not accompanied by 
changes in the basal extracellular concentration of 
dopamine, it is associated with an enhanced dopamine 
response to a drug challenge ,44 ' ,66 ' 23, * 269 ' 27 ° 70 (cf. ref. 

295) . Even the local application of amphetamine into 
the ventral tegmental area sensitizes the dopamine 
release produced by a subsequent systemic challenge 
with amphetamine 347 . A similar enhancement in 
dopamine response has also been reported in associa- 
tion with sensitization to cocaine 5 * 157 * 167,236,238 (cf. ref. 

296) , ethanol 24 , nicotine 25101,123 (cf. ref. 65), mor- 
phine 154 160 (cf. ref. 155), phenylethylamine 189 and 
methylphenidate 177 and following cross-sensitization 
between different drugs 4,159,166 and between drugs and 
stress 156,159,160 ' 315 ' 320 ' 358 Furthermore, co-treatment with 



a dopamine receptor antagonist, which prevents the 
induction of behavioral sensitization to methum- 
phetaminc, also attenuates the dopaminergic response 
to a mcthaniphetaniine challenge assessed with micro- 
dialysis'". Although there is no convincing evidence 
for sensitization-related changes in dopamine receptor 
binding 273 , there is elect rophysiological evidence foi an 
increased sensitivity of nucleus accumbens neuron to 
iontophoretically applied dopamine in cocaine sensi- 
tized rats 124,354 . It is possible, therefore, that sensi' Na- 
tion produced by cocaine and amphetamine is ;tiso 
accompanied by changes in the transduction of 
dopamine receptor-mediated events 15 * 1 12,124,140,2**^ 

The biophysical basis of sensitization-rektred 
changes in dopamine neurotransmission is not kno vn. 
There have been a number of hypotheses propo^d, 
including changes in autoreceptor sensitivity, chan ;es 
in the intraneuronal distribution of dopamine lead- 
ing to enhanced release, changes in the dopamine p- 
take carrier and changes in transduction mecha- 
nisms 6 ' 16tU88 ' 226,269 * 354 It is not known, however, whet! er 
the behavioral sensitization produced by different dn gs 
involves the same or different cellular and molecu ir 
changes. Even the processes involved in the induct! )n 
of sensitization differ from those involved in the x- 
pression of sensitization I60 ' 233 - 269 . Furthermore, sem ti- 
zation-related changes in dopamine systems have ben 
emphasized here because only dopamine systems h. ve 
been studied in any detail. But neuroadaptations in 
other neurotransmitter systems that interact with 
dopamine systems must also be considered. For exii Tl- 
ple, glutamate systems have been implicated in rec . nt 
studies showing that glutamate antagonists, I : ke 
dopamine antagonists, prevent the induction of sen> ti- 

zatjon 161,163.164,369 

In summary, there is considerable experimental evi- 
dence in support of Criterion 2. The repeated adm.ii is- 
tration of many different addictive drugs produces be- 
havioral sensitization and behavioral sensitization is 
associated with hypersensitive mesotelencephalic dopa- 
mine systems. 

4.3. Criterion 3: sensitization-related neuroadapta tims 
should be very long-lasting 

One of the most striking characteristics of 
sensitization is its persistence. A single injec- 
tion of amphetamine, cocaine or morphine indu- 
ces behavioral sensitization lasting for weeks to 
months 40 * 197 * 236 * 237 * 267 - 302 and animals sensitized with es- 
calating doses of amphetamine remain behavioraMy 
hypersensitive to an amphetamine challenge for at 
least 1 year 232 . In fact, Paulson et al. 232 found that rats 
were just as sensitized a year following the discontinua- 
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tion of amphetamine pretreatment, which is over one 
third of their life-span, as they were at 2-4 weeks. 
These findings suggest that after at least some pre- 
treatment regimens the neuroadaptations responsible 
for behavioral sensitization to amphetamine may be 
essentially permanent. Similarly, behavioral sensitiza- 
tion in rats is reported to persist for over 3 months 
following pretreatment with cocaine 304 , for over 50 
days following pretreatment with methylphenidate 301 
and for over 8 months following pretreatment with 
morphine 12,17 - 302 . 

It is not known if sensitization to the incentive 
motivational properties of drugs persists for as long as 
s :nsitization to their psychomotor-activating effects, 
but this is obviously an important issue for the Incen- 
t ve-Sensitization Theory. To the extent that sensitiza- 
tion to the psychomotor-activating effects and the in- 
centive motivational effects of drugs have a common 
neural basis we would expect both effects to show 
c imparable persistence. Neither have neurochemical 
s udies been conducted as long as a year following drug 
pretreatment. But sensitization-related changes in 
dopamine systems have been reported to persist for 
months after withdrawal 269,272 . The available evidence 
s iggests, therefore, that the neuroadaptations underly- 
ii g behavioral sensitization meet the criterion of per- 
sistence. 

4 4. Criterion 4: the expression of sensitization-related 
n y uroadapta tions should be amenable to conditioned 
si imu lus control 

The Incentive- Sensitization Theory of Addiction 
p )sits that drugs sensitize a neural system that medi- 
a:es 'wanting'. It is also hypothesized that associative 
processes focus exaggerated 'wanting' (craving) specifi- 
c tlly onto drug-related stimuli. This implies that the 
b -havioral expression of sensitization-related neuroad- 
aptations should be strongly influenced by associative 
ctors. 

Indeed, the environmental context in which drugs 
are experienced can have profound effects on the 
development and expression of sensitization. Stewart 323 
recently reviewed the literature on the conditioned 
stimulus control of sensitization and the reader is re- 
fcrrcd to this paper for a more detailed and excellent 
discussion of such issues. In brief, Stewart 323 points 
Oiit that the conditioned stimulus control of sensitiza- 
tion can take one of two basic forms, depending to 
some extent on experimental design. In CMC design the 
drug (the UCS), which produces a pharmacological 
elfcct (the UCR), is given only in association with 
unique environmental cues (CS). After repeated pair- 
ing of the UCS and CS, the CS alone can acquire the 



ability to elicit drug-like responses (CR). For example, 
after repeated administration of a dose of am- 
phetamine that produces locomotor hyperactivity, just 
placing an animal in the environment in which it previ- 
ously received amphetamine is sufficient to produce 
conditioned locomotor hyperactivity, in the absence of 
any drug. A number of researchers have reported 
drug-environment conditioning of this type and have 
suggested these conditioned effects contribute to the 
development of sensitization 1 28,283,323 (see ref. 338 for a 
review). 

A second type of conditioned stimulus control of 
sensitization is the situation where, after explicit pair- 
ing of a drug and specific test environment, animals are 
administered a 'challenge' injection of the drug in 
either the drug-paired environment or in a new envi- 
ronment. In this case one observes the effect of the CS 
(the environment) on the response to the UCS (the 
drug). In some experiments of this type the expression 
of sensitization has come under complete conditioned 
stimulus control. For example, Post et al. 251 reported 
that rats given ten daily injections of 10 mg/kg of 
cocaine in a test environment showed a progressively 
greater behavioral response (locomotor activation) to 
the drug, but animals given daily injections of cocaine 
in their home cage did not show evidence of behavioral 
sensitization when subsequently challenged with co- 
caine in the test environment. Similarly, Vezina and 
Stewart 344 reported that repeated injections of mor- 
phine into the ventral tegmental area produced evi- 
dence of sensitization on a subsequent challenge test 
only when rats were tested in the environment where 
they received morphine. In addition, the conditioned 
stimulus control of sensitization may not only enhance 
the expression of sensitization in drug-paired environ- 
ments, but may also inhibit the expression of sensitiza- 
tion in environments that predict the absence of the 
drug. For example, Vezina and Stewart 344 found that 
the locomotor response to an intra-ventral tegmental 
area challenge injection of morphine in explicitly un- 
paired animals was significantly depressed relative to 
saline-pre treated controls (also see ref. 328). Neverthe- 
less, sensitizat ion is not only a conditioned response, 
even t hough the expression of sensit ization can come 
under strong conditioned stimulus control, a point that 
has been made by a number of authors 40 * 210,272 ' 3 " 3,34 ''. 

Our discussion of the condit ioned stimulus control 
of sensit ization has focused thus far on the effects of 
drug-associated st irnuli on t he subsequent response to 
drugs. It is important to know, however, whether envi- 
ronmental stimuli associated with drugs can also influ- 
ence the response to other incentive stimuli; even 
non-drug-related stimuli. This issue has received al- 
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most no experimental attention, despite its theoretical 
importance. Nevert hclcss, it was addressed in one study 
by Mitchell and Stewart 2,s . In this study male rats were 
given morphine either in a test arena or their home 
cage, every other day for four injections. All rats were 
then placed in the test arena in the presence of a 
receptive female. Rats pretreated with morphine in the 
test arena showed more frequent female-directed be- 
haviors than either rats pretreated with morphine in 
their honte cage or saline-pretreated controls. The 
enhancement of sexual behavior produced by the 
drug-associated environment did not involve changes in 
copulatory behavior per se, but only in the appetitive 
behaviors leading to copulation, including more fre- 
quent "pursuit of the female, anogenital exploration 
and partial mounts and... shorter latencies to initiate 
copulation" (p. 367). That is, the female appeared to 
be a more salient incentive stimulus in male rats tested 
in the presence of morphine-associated cues. These 
results suggest that sensitization to drugs may change 
neural systems that not only modulate the incentive 
properties of drug-associated stimuli, but the incentive 
properties of 'natural incentives? This is important 
because it implies that drug-associated stimuli may 
potentially influence a wide range of motivated behav- 
iors. 

To summarize thus far, we have addressed the first 
four criteria, and reviewed evidence to establish that: 
(1) Many different addictive drugs activate a common 
neural system, the mesotelencephalic dopamine sys- 
tem; (2) Repeated administration of many addictive 
drugs causes dopamine systems to become hypersensi- 
tive and this is accompanied by a grad ual and incre- 
mental increase (sensitization) in the psychomotor- 
activating and incentive motivational properties of 
drugs; (3) The neuroadaptations underlying sensitiza- 
tion are extremely persistent; and (4) The expression of 
sensitization is subject to conditioned stimulus control. 

We next need to address Criteria 5 and 6. Criterion 
5 requires that the neural system sensitized by re- 
peated treatment with addictive drugs normally medi- 
ate the incentive motivational effects of drugs and 
drug-related stimuli. Criterion 6 requires that this neu- 
ral system not mediate the subjective pleasurable ef- 
fects of drugs or the pleasure associated with other 
stimuli. 

4.5. Criterion 5: the role of mesotelencephalic dopamine 
systems in incen tive motiva tion 

There is a wealth of evidence implicating dopamine 
systems in the incentive motivationalf effects of drugs, 
as well as of food, sex and other natural incen- 
tives 1 9,84,9 °' * ^ 1 .262,263,356,365,368 rgf , gl) For 



signals predicting the availability of food, water or a 
sexual partner activate brain dopamine systems, in- 
creasing dopamine neurotransmission in the vent ral 
strialum 5I,M,,l26,246 - 37ft . Addictive drugs also increase 
dopamine neurotransmission'". Indeed, in the case of 
drugs, a direct action on dopamine systems alone is 
sufficient to motivate behavior. Animals will work for 
microinjections of drugs directly into appropriate p ir- 
tions of the mesotelencephalic dopamine system 
Furthermore, microinjections of amphetamine or 
dopamine directly into the nucleus accumbens fac ii- 
tates responding for conditioned incentive stimi ;rj 
(conditioned reinforcers) - stimuli that have acqui ,d 
incentive properties by association with a natural in- 
centive™ 5 * 262,263 . In short, a common neural curres cy 
for many incentives appears to be activation of mesc ; e- 
lencephalic dopamine systems (see Note 4 in Ch. 6 l 

Consistent with this idea are studies showing fiat 
the motivational properties of natural incentives ; nd 
addictive drugs are attenuated by decreasing dopam ne 
activity 36 °. Antagonist drugs that prevent the activat m 
of dopamine receptors or the complete destruction of 
mesotelencephalic dopamine projections by net: o- 
chemically selective toxins, impair the instrumental 
performance of animals for food, for drugs and :br 
electrical brain stimulation. A great deal of effort ;as 
been directed towards ascertaining whether the S p- 
pression of dopamine neurotransmission produ es 
changes in behavior because of effects on the con rol 
of movement or because of effects on incentive mot na- 
tion and a variety of experimental paradigms have h en 
developed to distinguish between motor and mot na- 
tional effects (see Note 2 in Ch. 6). It is now gener illy 
accepted that dopamine antagonists can have eff* cts 
on behavior that are truly motivational. This is no : to 
say they may not also have effects that are 'motor', )Ut 
in many cases the effect on behavior is precisely u hat 
one would expect if dopamine antagonism reduced *he 
motivational properties of incentives 82,360,361 . 

In summary, the large literature on the role of 
dopamine in mediating the incentive motivational ef- 
fects of drugs and other stimuli satisfies Criterion 5. 
What of Criterion 6, which requires that dopamine .lot 
mediate the subjective pleasurable effects of drugs or 
the pleasure associated with natural incentives. 

4.6. Criterion 6: the effects of dopamine are on incentive 
salience, not pleasure 

The evidence that brain dopamine systems medi- 
ate the incentive motivational effects of natural incen- 
tives and addictive drugs provided the basis for 
Wise's 359 ' 360,361 provocative anhedonia hypothesis: the 
hypothesis that mesotelencephalic dopamine systems 
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mediate the subjective pleasure produced by food, 
drugs, electrical brain stimulation, etc. and that 
dopamine antagonists suppress the pleasure produced 
by these agents. The anhedonia hypothesis provided a 
parsimonious explanation of dopamine's motivational 
effects by equating it with the psychological process of 
subjective pleasure *. 

If the motivational properties of natural incentive 
stimuli or drugs depended only on their ability to 
produce subjective pleasure, then the effects of 
dopamine manipulations on motivated behavior would 
be compelling evidence for the anhedonia hypothesis. 
We suggest, however, that incentive motivation de- 
pends on a number of additional psychological pro- 
cesses that interact with pleasure: including associative 
learning and the attribution of incentive salience to 
external events and their representations 27,28 . It is the 
t ntire complex of pleasure, learning and incentive 
saliencet together that comprise the process of incen- 
i ive motivation*!". 

/. 6.2. Incentive salience. Of particular importance to 
ihe Incentive-Sensitization Theory of Addiction are the 

elative roles of 'wanting' and 'liking' in incentive 

notivation. The idea that there may be a psychological 
process (and neural substrate) responsible for 'want- 

ng' incentives that is dissociable from the psychologi- 
cal process (and neural substrate) responsible for 'lik- 

ng' incentives has not been considered explicitly in 
previous theories of incentive motivation 30,339 ** *. Based 
On a series of studies on the relationship between taste 
nleasure and appetite, such a dissociation was recently 
proposed 27,28 . Berridge and his colleagues hypothe- 
sized that a psychological process specifically involving 

he attribution of salience to incentive stimuli (incen- 
tive salience) results in the experience of 'wanting'. 
This view of incentive motivation posits that salience 
attribution is a specific psychological process that is 
activated normally in conjunction with pleasure ('lik- 
ing') and associative learning in the creation of new 
incentives. As new incentives are acquired particular 
stimuli that allow an individual to recognize an incen- 
tive (e.g., the sight of food; in nature, a flowering plant 
that signals the availability of food; or, in the labora- 
tory, a tone that predicts food), become associated with 
the pleasure food produces by the process of classical 



conditioning. The stimulus features of the incentive 
predict the pleasure that will follow and may elicit 
conditioned pleasure. But conditioned stimulus fea- 
tures also become themselves the target of a separate 
and powerful motivational process - salience attribu- 
tion. Salience attribution transforms the sensory fea- 
tures of t he incentive stimulus into an especially salient 
percept, which 'grabs attention', becomes attractive 
and 'wanted' and thus guides behavior to the incentive. 
That is, new incentives become attractive in their own 
right as conditioned incentives? (also called condi- 
tioned or secondary reinforcers). 

Thus, the role of salience attribution in incentive 
motivation is proposed to occur as the third stage of a 
three-stage process (see Fig. 2). First, pleasure is nor- 
mally activated by an encounter with a natural incen- 
tive, such as when an hungry animal eats food. In the 
normal course of events, pleasure is a necessary step in 
the establishment of a new conditioned incentive. 
However, pleasure ('liking') is not by itself sufficient to 
motivate behavior M . Pleasure by itself has no object or 
action. Assignment of pleasure to something requires 
associative learning, which is the second stage in the 
formation of incentives. 

If pleasure is assigned to an action or stimulus by 
associative learning, then the action or stimulus should 
come to predict pleasure or elicit pleasure, on its owa 
No doubt this often happens. But we would argue that 
neither the experience of pleasure nor the expectation 
of impending pleasure by themselves constitute 'want- 
ing' 27,28 . 'Wanting' requires an additional process: the 
attribution of incentive salience to stimuli or actions. 
Stimuli that are attributed with incentive salience be- 
come attractive and demand attention. Like the sight 
of food to a starving person, they cannot be ignored. 
This does not necessarily make them 'liked'; the sight 
of food may be irresistibly attractive to the starving 
person, but if out of reach it may torment rather than 
please. But the food is still much 'wanted'. In sum- 
mary, incentive motivation is proposed to involve three 
distinct psychological processes acting together; plea- 
sure, associative learning and incentive salience and 
different neural systems are thought to be responsible 
foreach 27 ' 28 '***. 

Changes in any one of these three processes that 



* Note, however, that in discussing his anhedonia hypothesis of dopamine blockade Wise 361 stated: 'The anhedonia hypothesis is most 
vulnerable in its assumption that positive hedonic states such as pleasure or euphoria are attenuated by neuroleptics. This is, for the most 
part, speculation" (p. 1 84). 

** Although neither Bindra nor Toates dist inguished 'wanting' from Miking 1 , Toates vv * did distinguish the associative control of .\vy nt ing/lik- 
ing' from mere recall of past 'wanting/liking 1 . For example, as in the Krieckhaus effect, a stimulus thai is ordinarily not 'wanted' or Miked* 
may suddenly become 'wanted/liked' on the basis of its prior associations when physiological state Is changed 1 ***" . 

** For a discussion of evidence that most motivated behavior is primarily controlled by incentive processes see Toatcs* 1 " V> . 
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const itutc inccnt ive mot iv;i tion would produce effects 
on instrumental or appetitive behavior indistinguish- 
able, by most measures, from changes in another. 
Mesotelcncephalic dopamine does not seem to be criti- 
cal specifically for associative learning; i.e., for forming 
st i m u 1 u s - st i mu I u s a ssoc i a t io n s 1 y M) . For examp le, 
dopamine antagonists do not disrupt the learning of 
associations between a stimulus and electrical shock, as 
measured by a conditioned emotional response or by 
the defensive burying paradigm 22 ' 23141 . It is more likely, 
therefore, that the effects of dopamine on motivated 
behavior are due to effects on subjective pleasure or 
incentive salience. If mesotelencephalic dopamine sys- 
tems mediate the subjective pleasurable effects of 
drugs, then the addictive property of drugs such as 
cocaine, heroin, amphetamine, etc., which sensitize 
dopamine systems, might be best understood in terms 
of the pleasure these drugs induce. But if a sensitized 
dopamine system enhanced the incentive salience of 
the act of taking drugs, rather than the subjective 
pleasurable effects of drugs, then the neuroadaptations 
underlying sensitization would cause drugs to be 
'wanted' or craved, independently of the pleasure they 
produce. 

Most animal studies on the effects of dopamine 
antagonists on motivated behavior (summarized in Note 
2 in Ch. 6) are equally consistent with the hypothesis 
that dopamine mediates pleasure (the anhedonia hy- 
pothesis of Wise) and the hypothesis that dopamine 
mediates incentive salience*'**". Likewise, studies on 
the effects of manipulating dopamine systems on the 
incentive properties of conditioned reinforcers are con- 
sistent with both interpretations of dopamine 
funct ion* 5,262 . In these latter experiments animals must 
learn a new instrumental response (bar press) that is 
reinforced only by a stimulus (light/tone) that was 
previously associated with a primary incentive, such as 
food, water or a mate. Manipulations that increase 
dopamine neurotransmission in the ventral striatum 
potentiate the incentive properties of conditioned rein- 
forcers and manipulations that decrease dopamine 
neurotransmission in the ventral striatum block these 
potentiating effects 44 ' 127 - W 169,264.333,334 > Barry Everitt 
has suggested these studies support a view that, in 
some way "ventral striatal dopamine makes the world 
brighter" (Catecholamine Symposium, Amsterdam, 
1992). This view is compatible with the attribution of 
incentive salience hypothesis proposed here. Neverthe- 
less, these studies could also be interpreted in support 
of the 'pleasure' hypothesis and therefore, they do not 
resolve the issue. 

46.2. Introspection into 'wanting' and 'liking'. At first 
glance it seems it should be relatively easy to resolve 



the issue by asking people to report what effect 
dopamine antagonist drugs have on the subjective ef- 
fects of addictive drugs. Indeed, Wise"" challenged 
researchers to test this hypothesis, arguing that il it 
would be procedurally simple for workers using neu- 
roleptics with human subjects to determine the effects 
of these drugs on the subjective effect of rewarding 
stimuli". Despite his challenge, the relationship be- 
tween dopamine blockade and anhedonia renviins 
equivocal and the data are inconsistent 98,298 . 

In light of the incentive salience hypothesis, 1:. >w- 
ever, assessment of the effects of dopamine block, de 
on subjective pleasure in humans may not be as sin pie 
as Wise thought. In fact, it may be an especially diffi- 
cult task 22 *. Humans may not, under normal condi- 
tions, be able to subjectively tell the difference be- 
tween the two psychological processes of 'want rig' 
versus Miking'. Studies of introspection and self-rei ort 
have established that humans often (a) report psycho- 
logical 'events' that can be shown to have not I: ip- 
pened; (b) strongly deny the existence of psycholog cal 
events that can be shown to have influenced their 
behavior; and (c) confuse events that are not con- 
nected 22 *. Under many circumstances humans actu illy 
have very little direct access into the nature of their 
own psychological processes. Rather, introspection ip- 
pears to interpret underlying processes in ways hat 
seem plausible to the person 228 . Introspection does not 
reveal psychological processes directly. This \m\ lies 
that a person might mistake a change in incer ive 
salience for a change in pleasure ('If I don't war it, 
then I must not like it'). It may be possible to di an- 
guish between changes in 'wanting' and 'liking' by 
asking appropriate questions that tap into diffe ent 
aspects of a person's reaction to an incentive, but - his 
will have to be approached with great sophistic;! ion 
and caution. 

4.6.3. Evidence that mesotelencephalic dopamine in - di- 
ates incentive salience, not pleasure. Although the stud- 
ies cited above are equivocal, there are at least lour 
lines of evidence which lead us to suggest that sen>iti- 
zation of dopamine neurotransmission produces en- 
hanced incentive salience rather than enhanced plea- 
sure. The evidence is based both on reports by human 
addicts of their own experience and on studies in 
animals on the role of dopamine in sensory pleasure 
and motivated behavior. 

- The first line of evidence comes from animal studies 
that have explicitly examined the role of dopamine in 
mediating natural reactions to the sensory qualities of 
tastes. These studies have used the 'taste reactivity 
paradigm', which is based upon natural hedonic and 
aversive reactions (tongue protrusions, gapes, forelimb 
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Fig. 2. A schematic illustration of a major existing model of the psychological processes that constitute incentive motivation (A, top) and our 
. Iternative model, which proposes a separate process of incentive salience and accounts for the consequences of drug-induced sensitization (B, 
I ottom). Panel A: the 'Toates/Bindra model' of incentive motivation, on which our model is based (adapted from Toates 339 ). By this model the 
>ensory stimuli (CS and UCS) of incentive objects are both pleasant and attractive. Their ability to produce an incentive motivatibnai state (Kj) is 
partly dependent on memories of previous favorable experiences with them. Physiological states (such as hunger, thirst or withdrawal) selectively 
;>oteniiate the ability of particular stimuli (related to food, water or dm gs) to evoke incentive processes: to become 'wanted' and 'liked' (see 
Toates 339 for a more complete description of this model). Panel B: in our modified model of incentive motivation the psychological process (and 
leural substrate) for pleasure ('liking 9 ) is separate from the psychological process (and neural substrate) responsible for incentive salience 
f 'wanting'). We further propose that the activation of mesoteiencephaiic dopamine systems plays a direct role only in the process of 'wanting', via 
;he attribution of incentive salience to the perception and representation of conditioned stimuii (as described by Berridge and Valenstein* ; also 
,ee Note 4 in Ch. 6). In Panel B the portion of the model (i.e., the psychological process) that is sensitized by repeated drug administration is 
highlighted' within the shaded box. It is the hyperactivation of this specific psychological process (incentive salience), due to sensitization of its 
leural substrate by drugs, that results in the excessive attribution of incentive salience to drug-related stimuli. Whereas normal levels of incentive 
>alience attribution results in normal 'wanting', we propose hyperactivation of this system results in excessive incentive salience attribution, which 
s experienced as craving. Craving is pathologically intense 'wanting'. The major difference between our model of incentive motivation and the 
traditional model is that in ours the psychological processes and neural substrates responsible for pleasure ('liking') are separate from those for 
Incentive salience ('wanting'). Thus, in our model 'natural incentives' (UCS stimuli) produce pleasure directly, but produce incentive salience and 
elicit goal-directed approach behavior only indirectly (as indicated by the dashed arrow from 'pleasure integrator' to the 'incentive salience 
.ittributor'). The direction of incentive salience attribution to stimuli that preceded or accompanied incentive salience activation is determined by 
associative learning. Thus, activation of the incentive salience attributor by a UCS results in incentive salience being assigned to the perception of 
conditioned stimuli that were originally neutral (such as the sight of a syringe) and to their mental representations. This is what makes 
conditioned stimuli attractive and 'wanted' and able to elicit approach. Conditioned stimuli (and UCS's) are always compared against past 
associative memories. Without the direction provided by associative learning, incentive salience could not be focussed upon any single target. 
Although diffuse attribution of incentive salience would be both psychologically and behaviorally activating, without associative direction it would 
not be sufficient to guide behavior towards a specific goal. Familiar conditioned stimuli that have been paired with incentive salience attribution 
in the past are the target of incentive salience when encountered again, especially when an animal is in particular physiological states (indicated 
by the arrow from 'physiological drive cues'). Incentive salience assigned to conditioned stimuli must be further 'reboosted* each time they are 
paired again with salience activation (indicated by the dashed arrow from the incentive salience attributor to associative learning). Disruption of 
this reboosting, by neuroieptics for example, can prod ace 'extinction mimicry' or decay of incentive value. Ordinarily, incentive salience is 
assigned only to stimuli that have been paired with pleasure. But brain manipulations (such as drugs or electrical brain stimulation) may 
circumvent pleasure, by activating the neural substrate of incentive salience directly. This will result in the attribution of incentive salience to 
associated stimuli and actions and result in their becoming 'wanted', even in the absence of pleasure. This can be considered a kind of 'sham 
reward' (sec glossary entry for reward). Sensitization of the neural substrate for incentive saiience will lead to pathological 'wanting' (craving) for 
stimuli associated with its excessive activation (e.g., those involved in drug taking), even if this produces little or no pleasure. As mentioned 
above, the direction of incentive salience by associative learning is the primary determinant of exactly which stimuli become craved. Thus, in the 
addict, drug- paired stimuli, which have been experienced repeatedly in association with the excessive stimulation of dopamine systems, become 
the nearly exclusive targets for the attribution of incentive salience. Other contributions of associative learning are also possible in this model. 
For example, the pleasure elicited by a UCS can change with repeated experience, as when one develops an appreciative palate for Scotch 
whiskey (this is indicated in the model by the arrow from learning to the 'pleasure integrator'). Also, a CS that has been repeatedly paired with 
pleasure can come to itself elicit subjective pleasure, as in the example of a conditioned 'high' reported by 'needle freaks' (arrows from the CS to 
the 'pleasure integrator via associative learning). Bui we suggest these effects are separate from the attribution of incentive salience and that 
they have only a relatively weak influence on motivated behavior, compared to the craving produced by the attribution of excessive incentive 
salience. Finally, we suggest that none of the psychological processes described in this model, except for subjective 'wanting' (craving) and 
subjective pleasure, are apparent to conscious awareness. The interaction among incentive salience, pleasure ami associative learning is not 
available to introspection. Only the final products of the interaction are interpreted by cognitive mechanisms (not shown in the figure, sec Nisbetl 
and Wilson' 2 * 1 ) as subjective 'wanting' and 'liking'. For an addict, whose neural substrates of incentive salience have been sensitized, the 

subjective product is dominated by the intense experience of drug craving. 
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flails, etc.) that rats emit to tastes 119 . Much like the 
facial expressions that human infants display to sweet 
or bitter tastes 319 , these hedonic and aversive reactions 
reflect the perceived pleasure or displeasure of a taste 
sensation. The reactions of rats to taste are altered by 
many of the same things that control human percep- 
tions of taste pleasure. The sensory pleasure of sweet- 
ness to humans, for example, is enhanced by hunger 
and suppressed by caloric satiety 41,42 . Hedonic reac- 
tions of rats to sweet tastes are similarly enhanced by 
hunger and suppressed by satiety 26,43 . The taste plea- 
sure of a palatable food for humans can be abolished 
and replaced with subjective aversion by associative 
pairing of that food with gastrointestinal illness*'*. 
Similarly, hedonic reactions of rats to sweetness are 
abolished and replaced by aversive behavioral reactions 
after associative pairing of that taste with illness 118 . 
Finally, drugs that affect opioid or GABA neurotrans- 
mitters can enhance or suppress the hedonic reactions 
of rats to tastes in ways that should be expected based 
on current theories of the role of these neurotransmit- 
ter systems in taste pleasure 75,230,340 . 

Application of the 'taste reactivity paradigm' to the 
role of mesotelencephalic dopamine systems in taste 
pleasure and motivated behavior leads to the conclu- 
sion that dopamine systems do not mediate taste plea- 
sure, although they do mediate the incentive motiva- 
tional properties of foods. There are three lines of 
evidence leading to this conclusion. (1) Dopamine an- 
tagonists do not decrease the sensory pleasure of tastes, 
measured by hedonic reactions, although they can de- 
crease their incentive value. Conversely, dopamine ag- 
onists do not increase the sensory pleasure of tastes, 
although they can increase their incentive value 340 . (2) 
A bilateral neurotoxic lesion (6-OHDA), which de- 
pletes dopamine from the nucleus accumbens and cau- 
date nucleus, does not diminish the hedonic evaluation 
of tastes, even though it completely abolishes the moti- 
vation to eat and renders natural incentives ineffective 
(ref. 28 and unpublished data). (3) Activation of the 
motivation to eat by electrical stimulation of the lateral 
hypothalamus, which is mediated in part by dopamine 
systems, does not potentiate the hedonic evaluation of 
tastes*'. 

These experiments suggest, therefore, that the role 
of dopamine systems in behavior motivated by food is 
not to enhance the sensory pleasure of tastes. Or, put 
another way, these experiments suggest that neural 
systems mediating 'wanting' food can be dissociated 
from neural systems mediating 'liking' food and that 
dopamine activates 'wanting'. 'This is what would be 
expected if dopamine mediates the salience of incen- 
tive stimuli, rather than the sensory pleasure evoked by 



incentive stimuli (Fig. 2). These findings are precisely 
what would be expected on the basis of our hypothesis 
that dopamine systems mediate the incentive motiva- 
tional effects of drugs and are dissociable from other 
neural systems that mediate the subjective 'pleasurable 
effects of drugs and other stimuli. This kind of dissoci- 
ation would explain the findings reported by Fischman 
and Foltin 95 and by Lamb et al. 192 (see above). You 
will recall that in these studies a low dose injection of 
cocaine or morphine motivated drug-taking behavior in 
'postaddicts', but did not produce self-reported subjec- 
tive pleasure. 

- The second line of evidence that dopamine mediates 
incentive salience rather than sensory pleasure comes 
from a series of electrophysiological experiments on 
the conditions under which dopamine' neurons dis- 
charge in behaving animals 288 . When monkeys are first 
exposed to a novel situation dopamine neurons dis- 
charge to new, unexpected stimuli that produce orient- 
ing behavior. But these neuronal and behavioral re- 
sponses soon habituate 199 . Dopamine neurons also re- 
spond when an animal encounters a natural incentive, 
such as when it touches food located out-of-sight or, in 
a learning task, when liquid in delivered to the 
mouth 199,287 . However, when a neutral stimulus (e.g., 
light) is paired with the availability of a natural incen- 
tive, dopamine neurons soon stop responding to the 
natural incentive and start to discharge most vigorously 
in response to the newly established conditioned incen- 
tive stimulust 199 (also see ref. 217). Dopamine neurons 
do not discharge when the animal actually eats the 
food, which they should if dopamine mediated the 
sensory pleasure associated with incentives (ref. 330 as 
well). Similarly, Kosobud et al. 183 reported in a recent 
poster that in rats trained to bar press for sucrose, 
VTA unit activity increased prior to the presentation 
of sucrose. Dopamine neurons did not increase activity 
after sucrose presentation, when presumably the ani- 
mal would experience sensory pleasure. Finally, the 
activity of dopamine neurons can be dissociated from 
non- incentive aspects of a situation and from the de- 
tails of motor behavior, because their discharge is not 
coupled to "mnemonic or preparatory reprcsen t a tional 
task components" (ref. 198, p. 337), to the execution of 
reaching movements to obtain and retrieve food or to a 
light unassociated with food 199,287,289 Studies in cats 
also suggest that VTA dopamine neurons do not dis- 
charge in relation to most phasic movements 330 Ml . 

In summary, dopamine neurons discharge under 
conditions consistent with an attribution of incentive 
salience hypothesis of dopamine function"? They 
change their rate of discharge to a stimulus as the 
incentive value of the stimulus changes; as the stimulus 
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becomes more or less salient. Indeed, Schultz 2KS con- 
eluded that their electrophysiological experiments "arc 
consistent with the conclusion that dopamine neurons 
respond specifically to salient stimuli that have alert- 
ing, arousing and attention-grabbing proper-tics" (p. 
1 34, our italics) *. 

~ A third line of evidence that dopamine mediates 
incentive salience rather than sensory pleasure comes 
from recent studies using high speed chronamperome- 
try to measure nucleus accumbens dopamine activity 
during i.v. self-administration of heroin or cocaine" 5,172 . 
In trained animals the first few drug injections greatly 
elevated a dopaminc-related electrochemical signal. 
However, detailed analysis of the time course of 
changes in the dopamine-related electrochemical sig- 
nal, relative to subsequent injections, revealed that the 
dopamine-related signal increased prior to drug self- 
administration, peaked at the time a response was 
inititated and then significantly decreased immediately 
following drug infusion. This is consistent with the view 
that dopamine mediates the incentive salience at- 
tributed to a drug-associated stimulus (presumably the 
lever in this case), because as extracellular dopamine 
increased drug 'wanting' would increase, to the point 
that an animal would initiate another drug infusion. 
The results are not consistent, however, with the view 
that dopamine mediates subjective pleasure (in which 
case dopamine should rise after drug administration). 
Neither are they consistent with the view that drug 
responding is initiated by withdrawal symptoms associ- 
ated with dopamine depletion, as suggested, for exam- 
ple, by Dackis and Gold? A dopamine depletion 
hypothesis would predict that animals should initiate a 
drug infusion when the dopamine signal is at its lowest, 
not highest. Of course, a dopamine depletion/ 
withdrawal hypothesis, such as that proposed by Dackis 
and Gold 64 , also suffers from the shortcomings associ- 
ated with all negative reinforcement hypotheses of 
addiction, which were discussed above. 
- The fourth line of evidence that dopamine is more 
likely to produce enhanced incentive salience than 
enhanced drug pleasure comes from a consideration of 
the relative patterns of change in drug 'wanting' vs. 
drug 'liking' reported by human addicts during the 
gradual development of addictive behavior (Fig. 3). 
The pleasure induced by drugs does not increase if the 
dose of a drug is held constant over the course of 
repeated administrations. In fact, if pleasure changes 
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Fig. 3. A schematic illustration of the hypothetical relationship 
between changes in the incentive value of drugs and drug-related 
stimuli (drug 'wanting') vs. the subjective pleasurable effects of drugs 
(drug 'liking') during the development of an addiction. The develop- 
ment of an addiction is characterized by an increasing dissociation 
between the incentive properties of drugs, which gradually increase 
and the subjective pleasurable effects of drugs, which are shown here 
to slightly decrease (develop tolerance; but also see text and Note 5 
in Ch. 6). 



at all it decreases with repeated administrations (al- 
though, see Note 5 in Ch. 6). If increased synaptic 
activity in sensitized dopamine systems were the neural 
substrate of pleasure, a given dose should produce 
more and more pleasure with repeated experience, 
rather than less and less (or no change). 

Although the pleasure produced by a drug does not 
increase for human addicts, the craving for the same 
drug does increase with repeated experience (Fig. 3). 
An increase in 'wanting' drugs, as evidenced by self-re- 
port and by progressively more compulsive drug-seek- 
ing and drug-taking behavior is, of course, the defining 
characteristic of drug addiction. An increase in drug 
craving without an increase in drug pleasure cannot by 
explained on the assumption that sensitization en- 
hances a dopaminergic mechanism mediating the sub- 
jective pleasure of drugs (see Note 3 in Ch. 6). But this 
increasing dissociation between drug 'wanting' and drug 
'liking' is precisely what would be expected if enhanced 
activity at dopamine synapses were the neural sub- 
strate responsible for incentive salience (see Note 4 in 
Ch. 6). 

5. ELABORATION OF THE INCENTIVE-SENSITIZA- 
TION THEORY AND ITS IMPLICATIONS 

In this section we will elaborate more precisely how 
the major features of addiction are explained by the 
Incentive-Sensitization Theory of Addiction and dis- 
cuss implications of the theory. To summarize the 



Schultz 288 tentatively suggested that the common psychological process underlying the discharge of dopamine neurons may be "motivational 
arousal", but also noted this was not completely satisfactory because "dopamine neurons respond every few seconds to the same stimuli over 
several tens of trials -without habituation l *' 275 M7,289 , whereas arousal should be a longer lasting state not repeatedly induced at such short 
intervals" (p. 135). We suggest that the conditions under which dopamine neurons discharge are better described by the hypothesis that 
dopamine neurons attribute incentive salience 27,28 . 
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central elements of the theory, we posit the following. 
(1) Many addictive drugs have in common the ability to 
enhance mesotelencephalic dopamine neurotransmis- 
sion and to engage related structures (but see Note 4 in 
Ch. 6). (2) A psychological function of this neural 
system is to attribute incentive salience to the percep- 
tion and mental representation of stimuli and actions, 
especially those that have been associated with activa- 
tion of the system; to cause them to become highly 
salient, attractive and 'wanted'. (3) Repeated and in- 
termittent administration of addictive drugs leads to 
incremental neuroadaptations in this neural system, 
which render it increasingly and perhaps permanently 
hyperresponsive (sensitized). (4) Associative control of 
this sensitized neural system causes tremendously en- 
hanced incentive salience to be attributed to the act of 
drug taking and to stimuli associated with drug taking 
(i.e., to the acts and stimuli most closely associated 
with hyperactivation of dopamine systems); and thus, 
in the addict, drugs come to be pathologically 'wanted' 
(craved). (5) Sensitization of the neural system respon- 
sible for incentive salience can motivate addictive be- 
havior (compulsive drug seeking and drug taking) inde- 
pendent of other motivating factors, such as the expec- 
tation of drug pleasure or the aversive properties of 
withdrawal. The associative targeting of sensitized in- 
centive salience to drug-related stimuli results in the 
persistence of addictive behavior even in the face of 
many disincentives: for example, the loss of reputation, 
job, home and family (see Note 6 in Ch. 6). 

We have argued that addictive behavior is motivated 
by the excessive 'wanting' of drugs (drug craving). 
Therefore, the first major issue we need to address is: 
why do addicts crave drugs independently of drug 
pleasure and withdrawal? What is the neuropsychologi- 
cal process that results in obsessive craving for drugs, 
leading to compulsive drug-seeking and drug-taking 
behavior, even when the drug may produce little plea- 
sure? The second fundamental question we need to 
address concerns why drug craving persists for so long 
after the discontinuation of drug use and after the 
cessation of withdrawal symptoms; i.e., the nature of 
relapse. After this we will discuss the implications of 
Incentive-Sensitization for individual differences in the 
propensity to addiction, for therapy and the relation- 
ship between Incentive-Sensitization and other views 
of addiction. 

5.1. The independence Of drug craving from drug plea- 
sure and withdrawal 

The Incentive-Sensitization Theory of Addiction 
provides an unique neuropsychological explanation for 
drug craving. Drug craving is the subjective experience 



that accompanies the attribution of excessive levels of 
incentive salience to drug-related stimuli (or their men- 
tal representations), due to sensitization of dopamine 
systems (see Note 4 in Ch. 6). Thus, drug craving is 
considered by this hypothesis to be a psychological 
process that is distinct from conditioned withdrawal 
signs and from either drug-induced pleasure or a con- 
ditioned 'high'. Other views of addiction often consider 
craving to be identical with or the direct result of, 
either conditioned withdrawal or a conditioned 'high'. 
For example, Childress et al. 50 state: "We have often 
used the terms 'conditioned withdrawal' and 'condi- 
tioned craving' almost interchangeably, with the as- 
sumption that craving might be a form of mild with- 
drawal" (p. 38). But Childress et al. 50 go on to say: 
"Our patients did not, however, always subscribe to 
this position; reports of craving usually showed low 
correlations with reports of withdrawal. To paraphrase 
one indignant user, 'No, doe, craving is when you want 
it - want it so bad you can almost taste it... but you 
ain't sick... sick is, well, sick' To this addict with- 
drawal sickness clearly is separable from drug 
craving 212 . Neither is craving equivalent to a condi- 
tioned 'high', because reports of conditioned 'highs' 
are uncommon and are thus dissociable from the more 
frequent occurrence of both conditioned withdrawal 
signs and conditioned craving, as discussed earlier 50,229 . 

The Incentive-Sensitization view of addiction is in 
agreement with the indignant user cited above; craving 
is pathological 'wanting'. It is not due to sickness. It is 
distinct from both the unpleasant symptoms of with- 
drawal and from drug pleasure. This view is supported 
by studies directly relating self-reported craving in- 
duced by exposure to drug-associated stimuli to ratings 
of withdrawal-like symptoms, drug-like effects and 
'outcome expectancies' 80,253 . Although exposure to 
drug-related stimuli produced a significant increase in 
self-reported craving, as well as drug-opposite and 
drug-like effects "in a simple additive model the com- 
bined effects of positive outcome expectancies, CUe- 
specific dysphoria and cue-specific drug-positive reac- 
tions were able to predict 28% of the variance in 
cue-specific craving."... "A much larger proportion of 
the variance in craving remains unexplained bv these 
factors" (ref. 253, p. 1142-1 143). We suggest the rea- 
son there is only a weak relationship between these 
variables and drug craving is that they do not cause 
craving. Craving is due to excessive activity in a sepa- 
rate and sens it ized neuronal system that media tes the 
attribution of salience to incentives. This is a neuronal 
systont that normally mediates the 'wanting' of things 
in the environment. Although this neuronal system 
usually functions in concert with neuron al systc ms that 
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mediate pleasure ('liking') , in the addict the normal 
link between these systems is disrupted and pathologi- 
cal levels of 'wanting' become dissociated from 'liking'. 
We think this dissociation accounts for the unusual 
psychological profile of an addict: intense drug craving 
separated from the normal pleasures and punishments 
of life *. 

In this light the irrationality of addictive behavior, 
which is discussed so eloquently by Falk et al. 86 , starts 
to make some 'sense'. The irrationality of the behavior 
is due to an increasing dissociation between the incen- 
tive properties of drugs (incentive salience) and their 
subjective pleasurable effects. Because the process of 
salience attribution can be activated, independent of 
subjective pleasure, incentive salience can be strong 
even if pleasure is weak or absent. This is one reason 
why there is not always a strong correlation between 
the incentive motivational properties of drugs and their 
hedonic properties. It is also why people will self-ad- 
minister low doses of drugs that do not produce subjec- 
t ive pleasure 95,1 ? 2 Furthermore, the attribution of in- 
centive salience is not a conscious process and the 
introspective experience of 'wanting' or craving is only 
a person's interpretation of the outcome of that pro- 
cess. Much of the time the attribution of incentive 
salience may be more implicit than explicit***. Regard- 
less, the addict can be only subjectively aware of the 
outcome of excessive incentive salience at tribution, 
craving. The addict may have little insight into the 
reason for the craving and indeed, may himself be 
bewildered by its intensity. At a conscious level addicts 
may recount all of the negative consequences of con- 
tinued drug use, deplore their situation, even comment 
that the drug does not continue to give great pleasure 
* and not understand why their craving persists. 



5.2 The dei 'clopmaU ofaddktu *e beha vior 

The Incentive-Sensitization Theory can explain why 
the development of an addiction is typically a gradual, 
progressive process. The attribution of a high level of 
incentive salience to drug-associated stimuli and the 
pleasurable effects of drugs, increase the probability 
drug-related stimuli will attract attention and that drugs 
will be sought out in the future. If drug use continues, 
dopamine systems become progressively more sensi- 
tized. With each repetition greater and greater incen- 
tive salience is attributed to drug-related stimuli and 
the associative pairing of drug-related stimuli with the 
intense activation of dopamine systems produced by 
drugs leads to an increasing focus of salience attribu- 
tion upon just these stimuli. Thus, 'wanting' is gradu- 
ally transformed into craving, drugs become craved to 
the relative exclusion of all else, and drug-associated 
stimuli elicit this craving independent of any pleasure 
they produce. In short, the developing addict comes to 
'want' drugs more and more because drug-related 
stimuli become imbued with greater and greater incen- 
tive salience, even though at the same time drugs may 
be 'liked' less and less. 

5.3. Relapse: drug-induced drug craving 

Drug craving sometimes remains high or is even 
increased immediately after drug administration, when 
the drug is producing subjective pleasure, as has been 
reported for alcohol, cocaine, heroin and hydromor- 
phone 80 ' 96 - 150 ' 215 ' 325 This is the proverbial drink that 
whets the appetite and leads to relapse. Why should 
this be? As pointed out earlier, this is not consistent 
with a negative reinforcement view of craving 329 , be- 
cause the drug should eliminate withdrawal symp- 
toms **. Neither is it consistent with a pleasure-seek- 



* Other brain manipulations also are known to 'fracture' behavioral or psychological subsystems whose operations are so intertwined that one's 
subjective experience is of only one process. An example is the phenomenon of 'blindsight' 350 , which refers to the ability of people rendered 
blind by an occipital cortex lesion to accurately localize visual stimuli presented in their blind visual field, despite having no conscious 
awareness of perceiving any stimulus. People have no subjective experience of separate psychological processes (and neural systems) 
underlying the identification vs. the localization of visual stimuli. But an occipital lesion 'fractures' these processes, revealing two distinct 
psychological processes where there appeared to be only one. Another example is the dissociation of declarative (explicit) and procedural 
(implicit) memory systems seen following damage to the medial temporal lobes 318 . We are not subjectively aware that distinct neural systems 
are involved in learning to solve puzzles (for example, the Tower of Hanoi puzzle) and learning facts (for example, learning a list of words). 
But following a bilateral medial temporal lobe lesion the ability to learn and remember facts is lost, whereas the ability to learn and 
remember puzzles is left intact; although the latter occurs in the absence of conscious awareness. We think that the dissociation between 
'wanting' and 'liking' seen in addicts represents a 'fracture' of psychological processes akin to 'blindsight' and the implicit/explicit memory 
distinction. That is, repeated drug use changes the brain, as a lesion changes the brain, revealing two distinct psychological processes where 
there subjectively appeared to be only one. Furthermore, like the localization of visual stimuli and procedural learning, the attribution of 
incentive salience is 'implicit'; it often may occur in the absence of conscious awareness. 
* * Except according to Solomon's opponent-process theory 3l2 , which is the only negative reinforcement theory that can successfully explain 
relapse induced by re-exposure to the drug. According to Solomon's theory, re-exposure to the drug elicits a moderate a-process or drug-like 
effect, which in turn triggers the still strong b-process or drug-opponent effect. The problems faced by the opponent-process theory, however, 
are: (1) it relies entirely upon withdrawal symptoms to motivate addictive behavior and is thus liable to the general criticisms that we 
described for negative reinforcement theories of addiction; (2) it posits the growth of an opponent-like process during addiction, for which 
there is no direct evidence other than the phenomena of tolerance and withdrawal themselves (and which is contradicted by evidence 
discussed above that the incentive properties of drugs show sensitization rather than tolerance); and (3) it posits the opponent-process to be 
elicited only and always by the a-process, whereas evidence exists that withdrawal and drug pleasure have separate, independent neural 
substrates . 
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ing view, because a dose sufficient to produce subjec- 
tive pleasure should satisfy or at least reduce the 
craving; not exacerbate it. Drug craving at the time of 
drug taking is consistent, however, with an Incentive- 
Sensitization view. According to I ncentive-Sensitiza- 
tion craving is the subjective experience associated with 
incentive salience attribution. Because many addictive 
drugs increase dopamine activity, which produces in- 
centive salience, one would expect drug administration 
to produce drug 'wanting'. 

Indeed, there is considerable evidence that re-ex- 
posure to drugs can reinstate compulsive drug-seeking 
and drug-taking behavior 83,325,326 . As pointed out by 
Stewart et al. 326 :"The idea that ingestion of a formerly 
abused drug induces a strong motivational state or 
craving for the drug and that it retains the ability to 
reinstate this craving over an indefinite period of absti- 
nence from the drug is not new. One of the basic 
tenets of Alcoholics Anonymous (anonymous, 1939) is 
that people who have at one time shown uncontrolled 
drinking and physical dependence are permanently un- 
able to drink moderately; one drink is said to elicit an 
urge to have another" (p. 257). This phenomenon is 
usually explained by 'priming' and Stewart et al. 326 
have argued that 'priming' reinstates drug use because 
"the presence of the drug in the body (not its absence) 
activates appetitive motivational mechanisms that are 
involved in the reinitiation of drug seeking behavior" 
(p. 253). An involvement of dopamine in priming is 
suggested by reports that the infusion of morphine 
directly into the ventral tegmental area is sufficient to 
prime responding for i.v. heroin or cocaine, intra-accu- 
mbens amphetamine can prime responding for i.v. 
heroin 325,326 , and haloperidol prevents priming for 
amphetamine 83 . It is also relevant to note that craving 
in long-term abstinent cocaine abusers (humans) has 
been associated with elevated plasma and CSF levels of 
the dopamine metabolite, HVA 173,206 . 

Stewart's view is entirely consistent with the Incen- 
tive-sensitization Theory of Addiction presented here. 
We would add only two additional points. First, an 
Incentive-Sensitization view of addiction identifies the 
"appetitive motivational mechanism" mentioned by 
Stewart et al. 326 specifically as incentive salience and 
not, for example, drug pleasure. Second, we hypothe- 
size that the ability of drugs to produce incentive 
salience is progressively increased (sensitized) by re- 
peated exposure to drugs because drugs sensitize 
mcsotclcnccphalic dopamine systems. Thus, in highly 
sensitized individuals, such as addicts, relapse is the 
rule rather than the exception, especially after a prim- 
ing 'taste', because this acts on a hypersensitive neural 
system that mediates incentive salience - eliciting 



pathologically strong 'wanting' (craving) and thus re- 
lapse. 

5.4. Relapse: interactions between different drugs and the 
effects of drug-related stimuli 

Not only can the preferred drug of abuse reinstate 
addictive behavior, but often other drugs can as well; 
and addicts usually use more than one drug (which is 
significant in itself). In animals too, priming can occur 
across drug classes. For example, i.v. amphetamine or 
bromocriptine can prime the self-administration of 
heroin 367 and i.v. morphine can prime responding in 
animals trained to self-administer cocaine 326 . Further- 
more, dopamine systems have been implicated in prim- 
ing between drug classes. An intra-accumbens injection 
of amphetamine, which selectively activates the 
mesolimbic dopamine system, can prime responding 
for i.v. heroin 327 and intra-ventral tegmental area mor- 
phine can prime responding for i.v. cocaine? 

According to the Incentive-Sensitization view of ad- 
diction, drugs can prime responding for each other 
because the same dopamine systems are activated by 
each and dopamine mediates the incentive salience 
attributed to many different drugs. Therefore, if 
dopamine systems become sensitized by past drug use 
it would be expected that a second, novel drug would 
be able to prime responding and precipitate relapse, as 
long as the second drug also activates hypersensitive 
dopamine systems. This idea was proposed previously 
by Stewart and Vezina 327 , who argued that the ability 
of opiates and stimulants to prime responding for one 
another "may be related to the ability of opiates and 
stimulant drugs to cause sensitization" (p. 2M7), within 
dopamine systems. In support of this view, cross-sensi- 
tization has been reported to the psychomotor stimu- 
lant effects and to the incentive motivational effects of 
a number of drugs, as well as in the ability of drugs to 
elevate dopamine neurotransmission (see above for 
references). 

Not only may re-exposure to drugs themselves pre- 
cipitate relapse, but environmental stimuli associated 
with drugs are known to induce craving and precipitate 
relapse in humans 50,229 and prime drug responding in 
animals 325326 . This evidence has been reviewed by 
Stewart et a!. 326 and need not he reiterated here. It is 
consistent, however, with an Incentive-Sensitization 
view of addiction. In this view sensit ization of a neural 
substrate responsible for incentive salience becomes 
expressed as addictive behavior largely by enhancing 
the incentive properties of stimuli associated with 
drugs. Heightened incentive salience is focussed on 
these stimuli and their mental representations by asso- 
ciative learning processes andthey become the elicitors 



269 



and objects of craving. Even in the absence of the drug 
and long after withdrawal signs have faded, drug-rc- 
latcd stimuli remain potent conditioned incentives able 
to elicit the attribution of incentive salience. Indeed, in 
the contest of an Incentive-Sensitization view of addic- 
tion this is why environmental stimuli associated with 
drugs are extremely effective in precipitating relapse in 
addicts (however, see Note 8). 

This view is an alternative to both the conditioned 
. high' interpretation and the 'explicit memory inter- 
pretation of relapse discussed above in the section on 
positive reinforcement/euphoria theories. We suggest 
the effects of drug-related stimuli on relapse are inde- 
pendent of both drug cue elicited feelings of pleasure 
(a conditioned 'high') and of the explicit memories of 
drug taking such cues might elicit. You will recall we 
argued that an 'explicit memory' hypothesis of relapse 
places an extraordinary explanatory burden on the 
assumption that relapse-provoking memories are quali- 
tatively different from the myriad other memories of 
drugs that do not provoke relapse. We suggest, to the 
contrary, that conscious remembering in response to 
cues may be essentially similar to explicit memories 
that have gone before, neither more vivid nor qualita- 
tively different. The difference in the processes trig- 
gered by an effective drug-paired context, which results 
in relapse when earlier memories did not, may be in 
associative incentive systems that are not explicitly 
available to consciousness. 

Incentive salience is such an associatively triggered 
process. It occurs in the absence of awareness and its 
operation requires no qualitative difference in explic- 
itly conscious memory in order to provoke relapse. 
Unlike explicit memories, the attribution of incentive 
salience is an implicit process. It is governed by the 
laws of associative learning and is influenced by factors 
that control other forms of implicit learning. Chief 
among these controlling influences is the gating role of 
associative context 259 . Context refers to the entire con- 
figuration of situational stimuli in which the CS has 
been learned. Associative context can modulate the 
effectiveness of any CS. Why then should relapse occur 
at a particular moment, rather than during earlier 
memories or earlier encounters with drug-paired stim- 
uli? Presumably because of variations in the complete- 
ness of the associative context. The greater the extent 
to which contextual factors, such as mood, environment 
and other situational variables, mimic the context of 
previous drug taking, the more likely relapse will occur. 

5.5. Relapse the role of stress 

Relapse to compulsive drug use is not always precip- 
itated by re-exposure to a drug or even by specific 



environmental stimuli associated with drugs, but some- 
times by ill-defined environmental circumstances; in- 
cluding mood changes evoked by stress 49,229 . A tradi- 
tional view of why stress may lead to relapse is that it 
prompts 'escape' from an unpleasant situation via drug 
taking. An alternative possibility is that sensitization of 
incentive salience could play a role in stress-induced 
relapse because addictive drugs and stress both acti- 
vate dopamine systems and both sensitize dopamine 
systems 8,9,160,268 As discussed above, animals previously 
exposed to drugs such as amphetamine, cocaine or 
morphine are later hyperresponsive to stress and ani- 
mals exposed to repeated intermittent stress are later 
hyperresponsive to the psychomotor stimulant and in- 
centive motivational properties of drugs 243 . According 
to an Incentive-Sensitization view stress may induce 
craving and relapse because, by activating dopamine 
systems, stress would magnify the incentive salience 
attributed to environmental stimuli. Environmental 
stimuli that were especially potent as incentives, such 
as drug-associated stimuli for addicts, would be the 
focus of enhanced salience due to their associative 
history. Drug-associated events would become espe- 
cially craved again as a consequence of stress (see Note 
9 in Ch. 6). 

It is interesting to speculate that the converse se- 
quence of events could also occur. That is, prior expo- 
sure to repeated intermittent stress may predispose 
susceptible individuals to drug addiction by sensitizing 
those neural systems that mediate the incentive moti- 
vational effects of drugs 69,159,268 . In such individuals the 
incentive motivational effects of an initial drug experi- 
ence may be significantly enhanced because of drug 
action on a previously sensitized neural substrate. This 
would increase the probability that these individuals 
would show subsequent drug-seeking and drug- taking 
behavior. Indeed, experimental evidence for such a 
phenomenon has been reported by Piazza et al. 243 , who 
found that past experience with stress (repeated tail 
pinch) facilitated the subsequent acquisition of am- 
phetamine self-administration behavior in rats. 

5.6. Individual differences in the propensity to addiction 
The last feature of addiction we will discuss con- 
cerns the fact that the majority of people in this 
country at some point experiment with drugs, but most 
do not become addicts. For example, over 55% of 
18-34 yr olds have at one time sampled illicit drugs 
(e.g., marijuana, inhalents, cocaine, heroin or hallu- 
cinogens; NIDA National Household Survey on Drug 
Abuse, 1991). Why do the vast majority of these people 
not develop an addiction? Why are some individuals 
more susceptible to addiction than others? Social fac- 
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tors are important, of course, but even persons from 
very similar backgrounds differ greatly in their ten- 
dency to develop addictive behavior. If, as proposed 
here, drug-induced neuroadaptations underlying sensi- 
tization play a central role in the development of 
addiction: (1) there should be large individual differ- 
ences in the susceptibility to sensitization and (2) indi- 
vidual differences in the susceptibility to sensitization 
should be related to the propensity to addiction. 

There are indeed enormous individual differences in 
the susceptibility to sensitization, a point that has been 
emphasized by a number of researchers 190,194,268,294 . 
Some of this individual variation is due to genetic 
variation, because among animals there are marked 
strain differences in the susceptibility to sensitization. 
Strain differences in both rats and mice have been 
reported in the sensitization produced by repeated 
treatment with amphetamine 110,194,268300 , cocaine 304 , 
ethanol 60142,240 and morphine 302 . There are also 
marked strain differences in mesotelencephalic dopa- 
mine systems 14,91,145 but we know of no studies directly 
relating strain differences in the susceptibility to sensi- 
tization to strain differences in mesotelencephalic 
dopamine systems. Nevertheless, it is important that 
initial studies with recombinent-inbred lines of mice 
suggest that the genetic determinants of acute respon- 
siveness to drugs are dissociable from those responsible 
for susceptibility to sensitization 304 . Many behavioral 
genetic studies on drug responsiveness have focussed 
on variation in the acute response to drugs, not suscep- 
tibility to sensitization. But the Incentive- Sensitization 
Theory suggests that the susceptibility to sensitization 
may be most relevant for the development of addictive 
behavior and therefore, information on genetic factors 
leading to high susceptibility to sensitization may be of 
particular importance in understanding the genetics of 
addiction. 

A number of other factors have been reported to 
influence individual differences in the susceptibility to 
sensitization including, age 100 ' 175,303 , sex 45,46 - 107,250,267,273 
and hemispheric differences in dopamine systems'? 
Whether the influence of these variables on the sus- 
ceptibility to sensitization is causally related to the 
propensity to self-administer drugs or to related varia- 
tion in dopamine systems is not yet known, although 
correlative relations have been reported 47,108,109,294 . 

There arc, however, a number of interesting studies 
on behavioral traits that do predict both the suscepti- 
bility to sensitization and the propensity to self-admin- 
ister amphetamine 241 . For example, responsivity to 
novelty is reported to predict susceptibility to sensitiza- 
tion 1 33 ~ } 35,242 , Similarly, animals that eat and drink in 
response to electrical stimulation of the lateral hy- 



pothalamus (not all do) show an enhanced susceptibil- 
ity to amphetamine sensitization 220,221 . Most impor- 
tantly, these same traits are correlated with a propen- 
sity to acquire amphetamine self-administration 241 and 
with differences in dopamine dynamics in the nucleus 
accumbens 36,132 . Individual differences in reactivity to 
novelty, in amphetamine sensitization, and in am- 
phetamine self-administration may involve variation in 
the responsiveness of the hypothalarno-pituitary-adre- 
nal (HPA) axis. Animals that show a high response to 
novelty also show a prolonged elevation in plasma 
corticosterone in this situation, relative to low re- 
sponders 190,24 ! . That the HPA axis may play a role in 
drug sensitization is suggested by experiments showing 
that activation of the HPA axis is necessary to induce 
sensitization to amphetamine or stress 54,55,69 , perhaps 
by the action of corticosterone on glucocorticoid recep- 
tors 261 (cf. ref. 57) and by a report that repeated 
exposure to exogenous corticosterone sensitizes ani- 
mals to a subsequent amphetamine challenge 244 . 

5. 7. Implications of the Incen tiue-Sensitiza tion Theory 
for Therapy 

There is considerable interest in developing effec- 
tive therapies for the treatment of drug addiction, but 
this has proven to be a very difficult problem. The 
Incentive-Sensitization view of addiction may provide 
some insight as to why effective therapies have been 
elusive, and potentially, may point the way to the 
development of more effective approaches. 
5,7.1. Extinction training. A recent trend in the psy- 
chotherapeutic treatment of addiction is based on the 
recognition that drug-conditioned stimuli are very po- 
tent in eliciting craving and precipitating relapse 229 . 
There have been attempts, therefore, to 'extinguish' 
conditioned responses to such stimuli. Indeed, the re- 
peated presentation of drug- related stimuli, in a labo- 
ratory setting, results in a progressive decline in drug 
craving elicited by drug-related stimuli 50 ' 229 . It is inter- 
esting, however, that some of the autonomic responses 
to such stimuli are more resistant to extinction than the 
subjective effects, and non-specific changes in mood 
state (especially anger) can rapidly reinstate condi- 
tioned stimulus- induced drug craving 49 . 

In the context of the Incentive-Sensitization Theory 
this might occur because the neuroadaptations underly- 
ing sensitization persist, despite extinction of the con- 
ditioned stimulus control of sensitization. That is, the 
ability of conditioned stimuli to control the expression 
of sensitization may be thought of as learning-related 
neuroadaptations layered 'on-top' of the neuroadapta- 
tions responsible for sensitization, but which do not 
directly alter or reverse the neuronal changes responsi- 
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ble for sensitization. Also, contextual factors that con- 
trol the associative attribution of incentive salience 
may not transfer between the clinic and the street. 
Thus, extinct ion training may extinguish responses to 
specific stimuli under specific circumstances, but other 
non-target stimuli can still access sensitized neural 
systems mediating incentive salience, as can environ- 
mental stress. On the positive side, the fact that the 
expression of sensitization can be brought under strong 
conditioned stimulus control 323 suggests it should be 
possible to develop learning strategies to control the 
output of sensitized neural systems. However, the per- 
sistence of the neuroadaptations underlying sensitiza- 
tion and their resistance to extinction 328 , suggests that 
coping with addiction may be a very long, ongoing 
process. Of course, this has been recognized for many 
years by organizations like Alcoholics Anonymous. For 
example, Anonymous states: "We know that while the 
alcoholic keeps away from drink, as he may do for 
months or years, he reacts much like other men. We 
are equally positive that once he takes any alcohol 
whatever into his system, something happens, both in 
bodily and mental sense, which makes it virtually im- 
possible for him to stop" (ref 7, p. 22). 
5.7.2. Pharmacotherapeutic approaches. The Incentive- 
Sensitization Theory of Addiction also has implications 
for the development of effective pharmacotherapies. 
The two major pharmacotherapeutic approaches at 
present either target the treatment of withdrawal 
symptoms or involve drug substitution therapy (e.g., 
methadone maintenance). The Incentive-Sensitization 
Theory predicts neither of these approaches will be 
very successful in eliminating addictive behavior, be- 
cause neither target the fundamental neuroadaptations 
underlying sensitization. Of course, many years of ex- 
perience with opiate addicts have already shown that 
the alleviation of withdrawal is not an effective long- 
term solution for addiction 363 and the drugs used in 
substitution 'therapies' usually are addictive them- 
selves 363 . Furthermore, some drugs used to treat with- 
drawal also may induce sensitization 89,202,203,277 . 

An Incentive-Sensitization view of addiction sug- 
gests that to really 'cure' addiction agents need to be 
developed that directly target and reverse the neuroad- 
aptations underlying sensitization. There are present- 
ly a number of agents known to prevent the develop- 
ment of sensitization, including dopamine antagonists 
(see above for references) and glutamate antago- 
nists 161,164,369 ( cf ref 3 4 2) t Unfortunately, these com- 
pounds do not reverse the neuroadaptations underlying 
sensitization, but only prevent its development if they 
are given every time the addictive drug is given. This is 
not a practical approach for the treatment of addiction 



(see Note 1 in Ch. 6). The Incentive-Sensitization The- 
ory of Addiction predicts that an especially effective 
pharmacotherapeutic agent would reverse sensitiza- 
tion-related neuroadaptations. However, to our knowl- 
edge, no one has identified such a compound. Of 
course, any rational drug design program will require 
that we know a lot more about the nature of sensitiza- 
tion-rclatcd neuroadaptations than we know at pre- 
sent. 

5l& Relationship between incen five sensitization and other 
views of addiction 

In closing, we want to emphasize that the 
Incentive-Sensitization Theory of Addiction does not 
exclude other factors that contribute to drug-taking 
behavior. For example, the Incentive-Sensitization 
Theory does not address a number of features of drug 
use, including why people experiment with drugs in the 
first place (experimental drug use), casual (not addic- 
tive) patterns of drug use or why people often use 
drugs that do not usually lead to compulsive patterns 
of use (e.g., LSD; see also Note 7 in Ch. 6). The 
Incentive-Sensitization Theory of Addiction does not 
preclude a role for pleasure-seeking and withdrawal 
avoidance in drug-taking behavior. These different 
views of addiction are not mutually exclusive, unless 
they are taken as the sole explanations for addiction. 
There can be no doubt that addiction results from very 
complex interactions amongst social, cultural, eco- 
nomic, psychological and biological variables. These 
complex interactions determine whether experimenta- 
tion with drugs first occurs, whether further drug use is 
sustained and whether drug use leads to addiction. 
Exactly which factors motivate behavior will vary over 
time and across different drugs. The Incentive-Sensiti- 
zation view does not exclude the possibility, for exam- 
ple, that an explicit memory of drug pleasure or a 
conditioned 'high' could contribute to a desire to re- 
peat the drug experience in some situations, This may 
be especially true early in the, development of an 
addiction 363 . Early in the development of an addiction, 
before marked sensitization has occurred, the memory 
of the subjective pleasurable effects of drugs could be a 
major factor motivating drug-taking behavior. For ex- 
ample, it has been suggested that the initial subjective 
effects of drugs can predict later drug habits'*'. Also 
drug-taking behavior is influenced initially to a great 
extent by social factors, such as peer pressure. 

Neither does the Incentive-Sensitization view of ad- 
diction deny that the unpleasant symptoms of with- 
drawal could motivate drug taking in some individuals, 
under some circumstances, in order to relieve symp- 
toms. The role of withdrawal avoidance may vary greatly 
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from drug-to-drug. In some respects drug taking moti- 
vated by pleasure-seeking or withdrawal avoidance 
seems 'normal'; that is, the reasons for drug taking are 
understandable to a non-addict. For example, recent 
suggestions that drug craving is caused by short-term 
dopamine depletion after drug use are based largely on 
the assumption that craving is merely a rational re- 
sponse to withdrawal symptoms 63,204,351 . But by our 
view this is not craving; nor is it the fundamental 
problem in addiction. Craving is obsessive, irrational, 
pathologically intense drug 'wanting' for no obvious 
reason, which leads to compulsive drug-seeking and 
drug-taking behavior. Craving is difficult for both the 
addict and the non-addict to understand and this is 
what we propose is primarily due to sensitization of 
incentive salience. 

The Incentive-Sensitization Theory of Addiction is 
also compatible with the 'Psychomotor Stimulant The- 
ory' of Wise and Bozarth 365 . Wise and Bozarth 365 ar- 
gued that addictive drugs have in common the ability 
to induce 'psychomotor activation', which was pro- 
posed to be due to activation of a common biological 
mechanism associated with approach behavior and me- 
diated by dopamine. This biological mechanism is 
thought to be fundamental in producing rein- 
forcement in * 343 The fact that the psychomotor-activat- 
ing effects of addictive drugs are sensitized by repeated 
drug adrriinistration is certainly consistent with the 
'sensi tization' component of the Incentive-Sensitization 
Theory. But we further specify here that the psycholog- 
ical process responsible for 'reward-related' psychomo- 
tor activation is the attribution of incentive salience. 
Although incentive salience may lead to locomotion 
and approach, because this psychological process makes 
stimuli in the environment more salient, attractive and 
'wanted', these functions may be separable 260 . For 
example, a brain manipulation could induce locomo- 
tion, perhaps by activating brainstem locomotor pat- 
tern generators, without producing incentive salience; 
and incentive salience could be attributed in the ab- 
sence of locomotion (for example, in d rat rendered 
cataleptic by morphine, but who still acquires a condi- 
tioned place preference). Thus, in our view it is specifi- 
cally the sensitization of incentive salience that makes 
drugs and drug-associated stimuli increasingly attrac- 
tive and 'wanted'. Increased psychomotor activation is 
just a correlate of sensi t ized incentive salience. 

In closing, the ability of the Incentive-Sensitization 
Theory of Addiction to capture the 'essence' of addic- 
tive behavior (compulsive drug seeking and drug tak- 
ing) can be illustrated by a 'thought experiment'. For 
the sake of argument, imagine that our assumptions 
regarding the criteria for an adequate theory of addic- 



tion are correct and that the neural system involved in 
assigning incentive salience to drugs and drug-associ- 
ated stimuli is indeed dissociable from those mediating 
the subjective pleasurable effects of drugs. Now imag- 
ine that repeated intermittent drug use causes gradual 
and incremental changes in the neural system responsi- 
ble for incentive salience, such that this neural system 
becomes very hypersensitive (sensitized). Further imag- 
ine that the expression of this sensitized system is 
focussed expressly on stimuli that have become associ- 
ated with its excessive activation, so drugs and drug-as- 
sociated stimuli become irresistibly attractive ('wanted') 
and thus able to control behavior. But the neural 
system(s) responsible for the subjective pleasurable ef- 
fects of drugs either does not change or else becomes 
hyposensitive (tolerant). Finally, imagine that incentive 
salience is attributed in the absence of conscious 
awareness. Now consider what a creature with this 
brain would be like. An addict, we think. 

6. NOTES 

6.1. Note 1. Role of control and intermittency of drug 
administration in sensitization 

6.1.1. Control. Although there have been many reports 
of sensitization to addictive drugs, it is important to 
acknowledge that in nearly all of these studies sensiti- 
zation was induced by non-contingent drug treatment. 
That is, the animal's behavior had no influence on 
whether it received a drug or not. It is known, however, 
that drugs can produce different effects depending on 
whether they are given in a response-contingent or 
response-non-contingent manner 309 * 310 . Also, the be- 
havioral sensitization to amphetamine or cocaine in- 
duced by footshock stress is influenced by whether an 
animal has control in the situation. For example, 
MacLennan and Maier 200 reported that behavioral 
sensitization did not occur in rats who could control 
the duration of footshock, but did occur in rats receiv- 
ing an identical amount of shock, but who had no 
control. It will be critical to determine, therefore, 
whether the response-contingent administration of 
drugs induces sensitization. 

There have been very few studies directly addressing 
this issue. We are aware of one report of sensitization 
following experience with cocaine self-ad m in ist ration. 
Falk et al. 88 tested for behavioral sensitization by chal- 
lenging animals with cocaine 7-10 days after the dis- 
cont inimt ion of an oral cocaine self-administration reg- 
imen (involving a schedule-induced polydipsia para- 
digm). Cocaine-experienced animals showed a marked 
shift to the loft in the dose-response curve for cocaine- 
induced locomotor act ivity. These data show t ha t sensi- 
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tizat ion to cocaine can occur following response- 
contingent drug administration, as well as following 
non-contingent drug administration. It may also be 
relevant that in self-administration studies animals arc 
often given non-contingent drug injections prior to 
training or during shaping, because this facilitates the 
acquisition of a self-administration habit. It is possible 
the development of a drug self-administration habit is 
facilitated by these procedures because they produce 
the kinds of sensitization-related neuroadaptations un- 
der discussion here (although one also has to consider 
the possibility that prior non-contingent administration 
produces tolerance to the aversive properties of drugs). 
6.1.2. Intermittency. On the other hand, sensitization 
was not found in a microdialysis experiment involving 
cocaine self-administration'"". These researchers found 
that the ability of self-administered cocaine to elevate 
extracellular dopamine was actually decreased in drug 
experienced rats. However, in this experiment the dial- 
ysis test was given 24 h after the last self-administra- 
tion session. Sensitization-related changes in dopamine 
neurotransmission often are not evident after such 
short periods of withdrawal, even following non-contin- 
gent drug administration 158 ' 176 * 295 ' 296 ' 370 . This is proba- 
bly because intermittency is a critical variable both in 
inducing sensitization and in its later expres- 
sion 232.248,268.272 jf injections are given too close to- 
gether in time tolerance, rather than sensitization, usu- 
ally occurs. The development of sensitization is maxi- 
mized by spacing injections far apart in time (2-3 days 
to a week). Similarly, if a challenge injection is given 
within the first few days after the discontinuation of 
escalating dose amphetamine treatment behavioral 
sensitization is not evident. But if a challenge injection 
is given after a longer period of withdrawal, from 1 
week to 1 year, animals are markedly sensitized 232 . 
Thus, sensitization may not be apparent after self- ad- 
ministration regimens that allow animals to maintain 
elevated brain levels of a drug for prolonged periods of 
time, especially if animals are tested soon after the end 
of a bout of self- administration. 

It is intriguing that intermittency is not only critical 
for inducing sensitization, but is thought to play an 
important role in the development of many persistent 
and habitual behaviors, including addictive behavior? 
Of course, drug-taking behavior in human addicts is 
often characterized by intermittency. Drugs are fre- 
quently taken in 'runs' of self-administratio n, inter- 
spersed with 'crashes' lasting a few days. Intermittency 
may also be imposed because a considerable amount of 
time is required to obtain the money necessary to buy 
drugs. Falk and his colleagues 86,87 have argued that 



such intermittent schedules of drug administration may 
greatly enhance the reinforcing properties of drugs and 
catalyze "drug overindulgence in humans". They state 
"when life's crucial commodities are in short supply 
and available only on intermittent, marginal schedules... 
drugs can become all-powerful in reinforcing efficacy" 
(ref. 87, p. 1506). We would only add that the neural 
basis of this effect, in the context of Incentivc-Sensiti- 
zation, may involve a facilitation of sensitization-re- 
lated neuroadaptations. We would expect that an inter- 
mittent pattern of drug sclf-admi nistration, such as a 
cycle of 'runs' and 'crashes', would produce sensitiza- 
tion of dopamine neurotransmission and incentive sali- 
ence 27 °. 

4.2. Note 2. Specific motivational effects of dopamine 
blockade 

The literature on the effects of dopamine antago- 
nists on motivated behavior has been reviewed exten- 
sively and the reader is referred to papers cited in the 
text for comprehensive lists of citations. In brief, some 
of the most clearly motivational effects of dopamine 
antagonists include the following, (a) Mimicry of ex- 
tinction by dopamine antagonists, in which instrumen- 
tal responses for a food, drug or electrical brain stimu- 
lation decline only gradually after neuroleptic adminis- 
tration as though the reinforcer were no longer effica- 
cious (the decline in response is not right away and 
does not occur unless the animal is allowed to perform 
the task)", (b) The associative reinstatement of instru- 
mental performance after a dopamine antagonist has 
suppressed instrumental responding, by transferring the 
animal to a separate task in which it has previously 
been reinforced, but in which it has not yet experi- 
enced the drug, and in which it responds again at a 
high level even though the drug is still in effect (i.e., it 
must learn to 'extinguish' again in the second task) 103 . 
0 c Transfer between real extinction and extinction 
mimicry in 'resistance to extinction' paradigms, as 
though a dopamine antagonist drug were perceived by 
the animal as being similar to 'no reinforcer'. (d) 
Reward+-specific 'curve shift' reductions in psy- 
chophysical paradigms that can distinguish between 
reductions in instrumental performance due to motor 
impairment versus reductions due to decreased rein- 
forcement (refs. 78, 104 for example), (e) 'Reduced 
palatability' patterns of decrease in food consumption 
that mimic those produced by manipulations of the 
sensory pleasure of the food: for example, low doses of 
dopamine antagonists mimic the effects upon sucrose 
drinking that are produced by dilution of the sucrose 
solution 13 ^ 3 ' 67 106 - 308 - 374 
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6.3. Note 3. The neural substrate of drug 'liking* (plea- 
sure) 

We have argued that mesotelencephalic dopamine 
projections provide the neural substrate for drug 
'wanting' (via attribution of incentive salience), but not 
for drug 'liking' (for the subjective pleasurable effects 
of drugs). This naturally raises the question: what is the 
neural substrate for drug 'liking'?; for the pleasurable 
affective states produced by addictive drugs? We can- 
not provide a definitive answer to this question, except 
to rule out dopamine, but we can point to other 
candidate neural systems. Chief among these are en- 
dogenous opioid neurotransmitter systems. Opioid ago- 
nists that increase motivated behavior towards food, 
such as morphine, do enhance the sensory pleasure of 
food as measured by the taste reactivity paradigm". 
Similarly, activation of benzodiazepine-GABA systems 
within the brainstem enhances sensory pleasure by the 
taste reactivity measure, although it is not yet clear 
whether this depends on an interaction with brain 
opioid systems (ref. 340 for example). In summary, we 
do not know the neural substrate of drug pleasure, but 
these are a couple of candidate systems and future 
research may reveal others. 

6.4. Note 4. Dopamine, sensitization and incen live 
salience 

There are two issues regarding the neural system(s) 
responsible for sensitization of incentive salience that 
require further discussion. The first concerns elabora- 
tion of exactly which of the many different mesotelen- 
cephalic dopamine projection systems is likely to medi- 
ate incentive salience. We are well aware that there are 
multiple anatomically and functionally distinct mesote- 
lencephalic dopamine projection systems. The extent 
to which the effects of manipulations of dopamine 
systems on incentive motivation are due to an action 
on any single one of these dopamine systems is not 
always clear. The contribution, for example, of 
dopamine projections to the frontal cortex, septum, 
caudate, accumbens (core vs. shell), olfactory tubercle 
or amygdala and the extent to which there may be 
interactions between these systems in the assignment 
of incentive salience, is, for the most part, unknown. 
We hesitate, therefore, to prematurely assign all re- 
sponsibility for incentive salience or the sensitization of 
incentive salience, to a specific dopamine projection 
system. This is why we often use the broader term, 
mesotelencephalic dopamine systems. Nevertheless, we 
recognize that most of the evidence linking mesotelen- 
cephalic dopamine systems to incentive motivation pri- 
marily implicates the so-called mcsolimbic dopamine 



projections to the ventral striatum (nucleus accumbens). 
Therefore, to the extent that the sensitization of incen- 
tive salience is mediated by a specific dopamine system 
it is probably the dopamine projection system to the 
ventral striatum. But we do not discount t h e possibility 
that other dopamine systems may play a role. 

The second issue is whether only dopamine systems 
are involved in the sensitization of incentive salience. 
We have focused on dopamine systems as the site of 
sensitization-related neuroadaptations for the reasons 
described in the text. We acknowledge, however, that 
the neurobiology of drug craving involves much more 
than just a simple sensitization-related increase in 
dopamine neurotransmission and the neural substrate 
of incentive salience is surely much more complicated 
than this. 

For example, Wise and Rompre 368 have cautioned 
that "while the evidence is strong that dopamine plays 
some fundamental and special role in the rewarding 
effects of brain stimulation, psychomotor stimulants, 
opiates and food, the exact nature of that role is not 
clear. One thing is clear: dopamine is not the only 
reward transmitter and dopaminergic neurons are not 
the final common path for all rewards" (p. 220). We 
agree with Wise's caution. To influence motivated be- 
havior via the attribution of incentive salience, 
dopamine systems must interact with many other neu- 
ral systems, especially those involved in hedonics and 
associative learning. It is also possible that some incen- 
tives may not directly activate dopamine systems at 
all 181 and it is conceivable that some behavior may be 
controlled by non-incentive based processes, such as 
Skinnerian S-R reinforcement, Hullian drive-reduction 
or goal-directed computational procedures (e.g., Test- 
Operate-Test-Exit procedures*" 4 ) (see Toates^ 9 for a 
discussion of how to distinguish some of these alterna- 
t ives). 

The phenomenon of behavioral sensitization also 
surely involves more complex neuroadaptations than 
just an enhancement in dopamine release, although to 
date most studies of sensi t ization have focusscd only 
on dopamine. There is already evidence that the induc- 
tion of sensitization involve s a different cellular site of 
drug action than the expression of sensitization 1 * 0,269 , 
that cross- sensitization does not occur between all ad- 
dict ivc drugs 1 ' 1 * 1,269 , that an action of drugs on neural 
systems other than dopamine is required to induce 
sensitizat i on 54 - 161 ' 164 and that there arc sensitiza- 
tion-rclatcd changes in other neurotransmitter sys- 
t ans 122.235.313.314 similarly, Stewart ™ has argued that 
the conditioned stimulus control of sensitization may 
occur at diffc ren t synapt ic sit cs, depending on rhe 
specific actions of different drugs. All of this suggests 
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that sensitization involves neuroadnptations at multiple 
sites and in multiple neurotransmitter systcnts. 

Nevertheless, in our present state of ignorance it is a 
reasonable working hypothesis that the adaptations in 
dopamine systems described here, involving an cn- 
hancenttnt in mesoteleneephalie dopantine neurotrans- 
mission, fornt a critical link in a chain of events leading 
to drug craving in addicts. We readily acknowledge, 
however, that sonte addictive drugs could produce such 
incentive-sensitization effects by an action on other, as 
yet unidentified, neural systems, including, for exam- 
ple, output pathways front the ventral striatum to the 
ventral pallidum 180 . On the other hand, it is also possi- 
ble that the dopantine-independent rewarding effects 
of some drug treatntent regimens'"' involve the activa- 
tion of this same dopantine-incentive salience circuitry, 
but at a later stage, 'downstream' from dopamine neu- 
rons. Regardless, we want to emphasize that the Incen- 
tive-Sensitization Theory of Addiction does not require 
that the sole or even primary site of drug-induced neu- 
roadapta Hons responsible for craving specifically be on 
dopamine neurons. If it is not, then our assignment of 
sensitization of incentive salience to dopamine would 
be incorrect. Nevertheless, the concept that drug crav- 
ing develops because of sensitization of incentive 
salience could still be fundamentally correct, but it 
would be mediated by another, as yet unidentified 
neural substrate. 

6.5. Note 5. Tolerance to drug pleasure 

The magnitude of the decrease in the subjective 
pleasurable effects of drugs is illustrated as being rela- 
tively small in Fig. 3 because, although the develop- 
ment of tolerance to the euphoric effects of drugs is 
widely accepted in the clinical literature, there is actu- 
ally very little objective evidence for this. The evidence 
that is usually cited is that addicts tend to gradually 
escalate their dosage with repeated drug use. "One of 
the most insidious aspects of drug abuse is the seem- 
ingly inexorable tendency for addicts to increase their 
drug consumption over time" (ref. 86, p. 81). But Falk 
et al. 86 point out there is very little evidence linking 
escalation in dose with tolerance to the subjective 
pleasurable effects of drugs. They state: "It is com- 
monly presumed that... as tolerance develops, more 
drug must be ingested to satiate the addict's need for 
the drug. It is fascinating that there is little experimen- 
tal data relevant to this assumption and that which 
does exist does not support" (p. 81). Indeed, there are 
a number of reports that addicts continue to experi- 
ence euphoria even after years of drug use 193,211,213 . 
Some studies have suggested there even may be an 
increase in the pleasurable effects of morphine in 



long-term addicts, because naive subjects usually rate 
the effects of morphine as unpleasant, whereas experi- 
enced users ('postaddicts') overwhelmingly rate mor- 
phine effects as pleasant? This apparent increase in 
the subjective effects of morphine is probably not due, 
however, to sensitization to its euphoric effects, but to 
tolerance to its aversive effects; because 'postaddicts' 
also report a lower incidence of nausea and vomiting 
than naive subjects. 

Why then do addicts typically escalate their dose? A 
possible alternative explanation to tolerance of eupho- 
ria is that ad diets increase dose to achieve the' more 
intense (and more desirable) subjective effects pro- 
duced by larger doses. They are able to do this only 
because tolerance develops to the aversive 'side-ef- 
fects' of drugs. That is, addicts increase their dose 
because they can, without the dire negative effects 
experienced by naive users. Doses that might be un- 
pleasant or even life-threatening in inexperienced users, 
are 'tolerated' by experienced users, because of toler- 
ance to many of the drug's negative effects including 
effects on the autonomic nervous system. 

On the other hand, short-term tolerance to the 
euphoric effects of drugs may play a role in the escala- 
tion of dose seen when drugs are administered in a 
'run', as is often the case with amphetamine or co- 
caine. If a large supply of amphetamine or cocaine is 
readily available addicts often readminister the drug as 
soon as the effects of the previous dose begins to 
dissipate. However, if successive administrations *re 
given too close together in time the positive effects of 
the drug may be 'masked' or suppressed by a transient 
depression of brain 'reward' systems 105,1 74,204 . As 
pointed out by Stewart 324 : "Tolerance to the rewarding 
effects of opiates has been found in experiments in 
which animals were exposed to the drugs continuously 
prior to place preference training 299 " (also see ref. 81) 
and in humans there is a "rapid within-session devel- 
opment of tolerance to the subjective mood effects of 
cocaine, but this dissipated completely within 24 h 97 " 
(also see ref. 95). Therefore, it may be that dose is 
escalated within a run to overcome this apparent 
short-term tolerance to the pleasurable effects of the 
drug. But this may not be relevant to the escalation of 
dose seen over the long-term, that is, between runs. 

In summary, although we indicate in Fig. 3 that 
some tolerance develops to the subjective pleasurable 
effects of drugs we are aware that this is a complicated 
and largely unresolved issue. But whether the subjec- 
tive pleasurable effects show some tolerance or no 
change with repeated drug administration, the devel- 
opment of an addiction is still characterized by an 
increasing dissociation between 'wanting' drugs and 
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'liking' drugs. As Fig. 3 illustrates, 'wanting' drugs, 
produced by the attribution of incentive salience to the 
act of drug taking and to drug-related stimuli and their 
mental representations, increases dramatically during 
addiction; 'wanting' evolves into craving. At the same 
time 'liking' drugs does not increase. 

6.6. Note 6. The compulsive nature of addictive behavior 
It is interesting to speculate that addictive behavior 

may be so compulsive in nature because the neuroad- 
aptations underlying drug addiction are in some way 
related to other obsessive-compulsive disorders. It is 
well known that hyperactivity in dopamine systems 
results in behaviors with a highly stereotyped (compul- 
sive?) structure. For example, relatively low doses of 
amphetamine or cocaine elicit high levels of locomotor 
activity and the pattern of locomotion is abnormally 
stereotyped 224 * 285 . At higher doses locomotor activity is 
diminished as animals engage in highly stereotyped, 
narrowly focussed, repetitive behaviors 254 . Similar 
patterns of stereotyped behavior ('punding') have 
been described extensively in human amphetamine 
users 254,286 A number of compulsive behavioral disor- 
ders have been linked to dysfunction in the striatum, 
including obsessive-compulsive disorder itself, Tour- 
ette's syndrome, tic disorders 18,255 - 256 and Huntington's 
Disease (ref. 59 and N. Wexler, personal communica- 
tion). Thus, there are a number of different disorders 
in which dysfunction in the striatum has been associ- 
ated with compulsive, repetitive thoughts (obsessions) 
and actions (compulsions). It is interesting to specu- 
late, therefore, that some of the neural changes under- 
lying drug addiction may be, in some respects, similar 
to those responsible for other obsessive-compulsive 
disorders. 

6.7. Note 7. Benrodiazepines and sedative-hypnotics 
There are drugs of abuse that do not seem to fit this 

profile, namely the benzodiazepines (BZ) and barbitu- 
rates. These compounds have biphasic, effect.3 on be- 
havior, producing mild psychomotor activation at low 
doses and a marked depression of motor activity at 
higher doses 365 , but they may not increase dopamine 
neurotransmission. Although the psychomotor-activat- 
ing effects of a low dose of diazepam (0.25 mg/kg) has 
been reported to require the activation of dopamine 
systems 311 , microdialysis studies have found that di- 
azepam and midazolam decrease extracellular 
dopamine in the nucleus accumbens 92,146 (although in 
these latter studies relatively high doses were used, 
> 0.5 mg/kg). It may be that the Incentive-Sensitiza- 
tion Theory does not account for why these particular 
drugs are used rccrcationally. It should be noted, how- 



ever, the BZ's are not very addictive and in normal 
experimental subjects they have "little or virtually no 
reinforcing effects" (ref. 56, p. 142). They do not pro- 
duce the compulsive pattern of drug-seeking and 
drug-taking behavior characteristic of amphetamine, 
cocaine or the opiates 371 . Whether the addictive poten- 
tial of alcohol can be accounted for by Incentive-Sensi- 
tization remains to be seen. As cited in the text, there 
are reports that alcohol: (1) produces psychomotor 
activation, especially in alcohol-preferring strains; (2) 
increases extracellular dopamine; and (3) produces 
sensitization. But there have been very few studies, 
they are not all consistent and therefore, more work is 
needed to resolve the issue. 

6.8. Note 8. The role of dopamine in mediating the 
effects of conditioned incentives 

The view of how conditioned incentive stimuli evoke 
relapse proposed here is similar to that of Stewart et 
al 326 , except we hypothesize drug-associated stimuli 
evoke craving by activation of a sensitized neural sys- 
tem that specifically mediates incentive salience. Like 
Stewart et al. 326 we suggest that this neural system 
involves mesotelencephalic dopamine projections to the 
ventral striatum and that conditioned incentive stimuli 
act much like a 'priming' dose of a drug itself; produc- 
ing a small increase in dopaminergic activity. The dif- 
ference is that we specify the consequence of this 
enhanced dopamine activity to be conditioned incen- 
tive salience, not necessarily a conditioned affective 
state, a 'high'. We do not deny, however, that condi- 
tioned pleasure can be elicited seperately, presumably 
via associative activation of separate neural systems. 

We need to acknowledge, however, that there has 
been relatively little research on the role of dopamine 
in mediating the effects of conditioned incentive stim- 
uli, especially conditioned incentive stimuli established 
through their association with drugs. There is consider- 
able evidence that activation of the ventral stria- 
tal dopamine system enhances responding for condi- 
tioned incentive stimuli established by pairing a neutral 
stimulus with a natural incentive, like food or 

water 44j27,l(*.IW.3f»UVW4 (for reyiews see reffJ 55, 263). 

There is also a general consensus that dopamine 
systems are critical in the process by which sti- 
muli acquire conditioned incentive properties 
through their association with natual incentives or 

drugs 2.20, 2 | ( 32.74,77.n.V.-U.^22.344.352 (cf refg 207,260, 

317). It has been suggested, however, that once ac- 
quired, conditioned incentive stimuli may activate be- 
havior independently of dopamine. This conclusion is 
based on reports that dopamine receptor blockade with 
pimozidc (or in one experiment, h al ope r idol) does not 
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prevent the conditioned psychomotor activation evoked 
by a conditioned stimulus associated with food 139 , or 
drugs 20,21,352, although the absolute amount of psy- 
chomotor activation produced by a food-associated CS 
is reduced ,39 . 'This idea is controversial, however, be- 
cause others have reported that dopamine antagonism 
does attenuate the expression of conditioned 'prepara- 
tory behaviors' (including locomotor activity) produced 
by a conditioned stimulus signaling food 31 * 32,33 (also see 
ref. 353), as well as conditioned responses established 
by drugs 76 - 77 ' u3,130 ' 247 Also, under some conditions 
dopamine antagonists may induce gradual extinction- 
like effects on conditioned responding 360,364 . Such ef- 
fects may be interpreted by the hypothesis that low 
doses of dopamine antagonists impair the 'reboosting' 
of incentive salience to established conditioned stimuli, 
which could occur each time an incentive stimulus is 
encountered. This 'reboosting' may be essential for the 
maintainence of a conditioned response*'. 

Direct measures of dopamine neurotransmission also 
support the hypothesis that this neural system mediates 
the incentive effects of conditioned stimuli 31 . Condi- 
tioned stimuli predictive of food have been reported 
to increase the discharge rate of dopamine neu- 
rons i83,i99,287.28<^ tQ mcrease dopamine metabolism in 

the nucleus accumbens 34 and to increase a chronoam- 
perometric signal thought to reflect extracellular 
dopamine 239 . Similarly, conditioned stimuli associated 
with psychomotor stimulants or opiates are reported to 
enhance dopamine metabolism 191,234,283 , to elevate a 
dopamine-related electrochemical signal associated 
with cocaine' 15 and in the presence of the uncondi- 
tioned stimulus, to elevate dopamine in dialysate 252 . 
On the other hand, negative results have been reported 
as well 16 * 38 * 39 ' 93 * 348 and therefore, more work is needed 
to resolve the discrepancies. 

6.9. Note 9. Stress, aversive stimuli and stimulant-in- 
duced psychoses 

Not only do pleasant natural incentives, such as 
food, water and access to a mate activate mesotelen- 
cephalic dopamine systems 51 * 66 ' 126,214,246 ' 376 , but so do 
Some presumably unpleasant aversive events, including 
classical stressors, Stressors are particularly effective in 
activating dopamine projections to the medial frontal 
cortex and to the shell of the nucleus accumbens 1,71,336 . 
Intense aversive stimuli may also activate the nigrostri- 
atal dopamine system' Conditioned stressors (previ- 
ously neutral stimuli paired with an aversive event) can 
activate mesotelencephalic dopamine systems as well, 
increasing dopamine metabolism in the frontal cortex 125 
and the concentration of dopamine in nucleus aCClim- 
bens dialysate 377 . What does this mean for the hypoth- 



esis that dopamine mediates incentive salience and 
that dopaminergic activation makes stimuli salient, at- 
tractive and 'wanted'? 

There are at least two alternative explanations that 
can reconcile stress-induced activation of dopamine 
and the incentive-sensitization hypothesis and until 
further data are available the incentive salience hy- 
pothesis does not commit to either one. First, it is 
possible that mesotelencephalic dopamine systems me- 
diate the salience of stimuli that signal unpleasant 
consequences as well as those that signal pleasant 
ones. The rustling noise that signals an approaching 
tiger should grab the attention no less than the sight of 
delectable food. The salience of both tiger and food 
may be mediated by dopamine systems, whereas the 
valence of that salience (attractive incentive vs. fright- 
ening warning) may be determined by the coactivation 
of other neural systems. A second possibility is that 
moderate levels of dopamine activation, such as that 
produced by natural incentives and stressors (see above 
for references), always makes stimuli attractively 
salient, whereas even higher levels of dopamine activa- 
tion makes stimuli frightening. 

Is it nonsensical to say that stress can make stimuli 
more attractive? Not at all. Stressors are known to 
potentiate behavior that is ordinarily incentive-based. 
For example, stress-induced feeding is a phenomenon 
that has been well documented in both animals and 
humans 10,223 . Stress may cause mesotelencephalic 
dopamine systems to magnify the incentive salience 
attributed to known incentives such as familiar foods, 
thus leading to increased eating. Furthermore, stres- 
sors themselves may sometimes fascinate and elicit 
approach, rather than drive an individual away. For 
example, in a laboratory model of predator mobbing 
rats will repeatedly approach an electrified object that 
has in the past given them a shock and will attempt to 
bury the offending object by pushing sand, etc. upon 
it 245 . Also, under particular conditions animals will 
work (lever press) to deliver electric shocks to them- 
selves, shocks that are known to be otherwise aversive 
(ref. 86 for review). Indeed, rats will even bar press to 
self-administer corticosterone i.v., in doses that pro- 
duce a plasma concentration comparable to that seen 
during mild stress and this is associated with an in- 
crease in nucleus accumbens dopamine neurotransmis- 
sion 244 . Furthermore, animals that are more prone to 
acquire a drug self-administration habit are more sen- 
sitive to the reinforcing effects of corticosterone than 
'low risk' animals. Corticosterone also produces a larger 
increase in dopamine neurotransmission in 'high risk' 
animals than in 'low risk' animals 244 . These examples 
suggest that stress-induced dopamine activation may 
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indeed activate incentive processes - quite separately 
from their activation of pain, aversion or discomfort. 
Which of these alternatives best describes the role of 
dopaminergic salience attribution during stress and in 
response to aversive stimuli will require further re- 
search to resolve. 

In the examples above we suggest that the moderate 
level of dopamine activation produced by natural in- 
centives and even stressors, may increase incentive 
salience. Likewise, we posit that a moderate level of 
dopamine activation produced by addictive drugs en- 
hances incentive salience and the higher levels of 
dopamine activation produced by. increasing doses of 
addictive drugs may progressively increase incentive 
salience. The ability of addictive drugs to elevate 
dopamine neurotransmission beyond that which nor- 
mally occurs may be the feature of drugs that make 
them such potent incentives. However, this may be true 
only up to a point. Exceedingly high levels of dopamine 
activation may sometimes result in markedly aversive 
experiences. Although the attribution of incentive 
salience can make stimuli in the environment 'brighter' 
and more attractive, beyond a certain point the world 
may become too 'bright': stimuli may become confus- 
ing, distracting and potentially frightening. For exam- 
ple, the hallucinations and terror of amphetamine psy- 
chosis may reflect the excessive and indiscriminate 
attribution of salience to all stimuli in general, by a 
wildly hyperfunctioning dopamine system. The sensiti- 
zation of dopamine neurotransmission may explain why 
the propensity to amphetamine or cocaine psychosis 
usually develops in a progressive, sensitization-like 
fashion and why the susceptibility to stimulant-induced 
(or stress-induced) psychosis persists for years after the 
discontinuation of drug use 279,280 . 

The symptoms of stimulant-induced psychosis are 
very similar to those seen in paranoid schizophrenia 292 
and the suggestion that they are due to wildly excessive 
incentive salience is consistent with some current hy- 
potheses regarding the nature of schizophrenia. It has 
been suggested"'", for example, that, "mcsolimbic 
dopamine activation may regulate the extent to which 
particular types of environmental cues elicit or shape 
appetitive behavior"... and a loss of this 'gating' func- 
tion by the overactivation of dopamine systems "may 
result in cognitive 'flooding', information overload and 
cognitive fragmentation in clinical states putatively as- 
sociated with dopamine overactivity [such as schizo- 
phrenia] 37 * 321 - 332 " (p. 419). 

6.10. Note 10. Dopamine antagonists and therapy 

At first sight, it might appear that an implication of 
the Incentive-Sensitization Theory is that an effective 



treatment for excessive craving would be to block 
dopamine receptors with a postsynaptic -antagonist such 
as pimozide or haloperidol. However, it is nat at all 
clear that such a treatment would be effective. In fact, 
there are several reasons for doubting the usefulness of 
dopamine antagonists as a treatment for addiction. 

Even though the Incentive-Sensitization Theory pro- 
poses that excessive craving for drugs results directly 
from sensitization of dopamine neurotransmission, 
dopamine antagonists may not be as useful in reducing 
the expression of pre-established incentives (attribu- 
tion of incentive salience that is directed by existing 
associations) as they are in blocking the acquisition of 
new incentives (attribution of incentive salience to pre- 
viously neutral stimuli). An addict is already too late 
for a treatment that blocks the acquisition of incentive 
sensitization to work. Only a treatment that blocked 
the expression of sensitized incentive salience would be 
helpful. 

A large body of evidence from animal studies of 
dopamine antagonist effects on incentive motivat ion 
indicates that while the acquisition of, for example, a 
conditioned preference for an environment paired with 
drug administration is nearly always blocked by a 
dopamine antagonist, the behavioral expression of a 
preference that was previously conditioned is only 
sometimes suppressed by the same drug (see the afore- 
mentioned Note 8). There are a number of possible 
explanations for the equivocal effects of dopamine 
antagonists on the expression of pre-existing incentives. 
First, it might be that dopamine antagonists actually do 
reduce the incentive salience of drug-paired condi- 
tioned stimuli, but that they also reduce the incentive 
salience of all other stimuli. This would produce an 
absolute reduction of all incentive motivation but would 
leave the relative incentive value of stimuli unchanged 
(ref. 139 for example). Although an addict might crave 
drugs less after taking a dopamine antagonist, drugs 
would still be wanted more than anything else and drug 
seeking would still dominate behavior. Second, it might 
be that the neural processes that mediate the expres- 
sion of sensitized incentive salience truly are more 
resistant to the effects of dopamine ant agonists than 
are the neural processes which mediate the establish- 
ment of sensitization. If so, only very high doses of 
neuroleptics, which might seriously disrupt many as- 
pects of normal behavior, would be sufficient to sup- 
press drug craving. We do not know why this should be 
true, but there arc a number of possible mechanisms 
that could explain it. For example, once established 
sensitization might be associated with ncuroadapta- 
t ions that extend to systems 'downstream from 
dopamine neurons themselves. These neural systems 
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may continue to respond excessively even if dopamine 
neurotransmission is reduced. On the other hand, the 
acquisition of sensitization may depend more specifi- 
cally upon dopamine activation alone. 

Another possibility is that the acquisition vs. expres- 
sion of sensitization are mediated by different 
dopamine subsystems that have, for example, different 
dopamine receptor subtypes, etc. Hiroi and White'"" 
noted that when a dopamine receptor antagonist failed 
to selectively decrease the expression of conditioned 
responding (see the aforementioned Note 8) " neuro- 
leptics with a higher affinity for D2 than Dl receptors", 
were used and further noted that "a Dl antagonist, 
SCH23390 is equally effective in blocking acquisition 
and expression of an amphetamine conditioned place 
preference, whereas much higher doses of D2 antago- 
nists are required to block expression than acquisition. 
Thus, some workers may have failed to observe block- 
ing of the expression of learned behaviors because they 
used an inappropriate dose range of D2 antagonists" 
(pp. 40,41). 

Finally, even if neuroleptic drugs were effective at 
suppressing drug craving at moderate doses, their use- 
fulness could be compromised by the possibility that 
addicts would refuse to take them. Anecdotal evidence 
abounds to suggest that neuroleptics are unpopular 
drugs among patients who take them. Aside from their 
potential motor effects, it is not surprising that this 
should be so. By the incentive salience hypothesis, a 
drug that directly suppressed the attribution of incen- 
tive salience would make the world 'less bright'. Even 
though the neural substrates of pleasure would not be 
suppressed, such a drug could produce 'sham anhedo- 
nia' - that is, the conscious inference by the addict that 
pleasure was reduced via cognitive interpretation ("I 
don't want anything very much, therefore I must not 
like anything") - just as direct activation of incentive 
salience should produce 'sham reward' 27 . 

7. GLOSSARY 

Addiction. There has been considerable debate regard- 
ing the appropriate definition of drug addiction. We 
will use the term here in the sense proposed by a 
World Health Organization Expert Committee in 
1981 7t,,!48 .Drug addiction is defined as "a syndrome in 
which the use of a drug is given a much higher priority 
than other behaviors that once had higher value."... 
"In its extreme form [addiction] is associated with 
compulsive drug-using behavior and it exhibits the 
characteristics of a chronic relapsing disorder" (ref. 
148, p. 522). The phrase 'addictive behavior' is used to 



refer collectively to obsessive drug craving and to com- 
pulsive drug-seeking and drug-taking behavior. 
Addict ii *e behavior, (see Addict ion) 
Appetitit *e moth 'at ion. (see I ncen t ive motivation) 
Aversion. The subjective experience of a sensation as 
actively unpleasant or the underlying evaluative pro- 
cesses and neural mechanisms that directly produce 
this subjective experience. The opposite of pleasure or 
euphoria (see Pleasure). Aversion results from an ac- 
tive evaluation of a sensation carried out by brain 
systems. In the context of addiction, aversion can be 
synonymous with^the symptoms associated with drug 
withdrawal, including physical distress and dysphoria. 
Aversion can also refer to direct subjective effects 
produced by a drug that can be discriminated from 
pleasure by the user. 

Conditioned incentive stimuli, (see Incentives) 
Craving and Wanting'. These are used in accordance 
with their usual English meaning, which for 'wanting' 
refers to the subjective experience of needing or desir- 
ing something ("to feel a need or desire for"; Random 
House Dictionary of the English Language, 2nd edn., 
1987). We further propose, however, that this experi- 
ence is produced by the psychological process of 
salience attribution (see incentive salience), that is, the 
attribution of incentive salience to an external event or 
its mental representation. The process of incentive 
salience attribution is pre-concious and only the result 
of this psychological process is accessible to conscious- 
ness. When this occurs it is interpreted 228 as a subjec- 
tive feeling of 'wanting'. For our purposes craving and 
'wanting' differ only in magnitude: craving equals in- 
tense * wanting' 184 . In the addict, craving is the experi- 
ence associated with excessive incentive salience, which 
results from drug-induced sensitization of the neural 
systems that attribute salience to incentives. 
Dependence, drug, (see Addiction) 
Euphoria, (see Pleasure) 
Hedonics. (see Pleasure) 

Incentive motivation (al). A psychological theory (also 
see Fig. 2) of how goal-direction is controlled by the 
stimulus properties of the target 30339 . Incentive moti- 
vation is one of a number of potential psychological 
mechanisms for controlling the direction of motivated 
behavior. Drive reduction and opponent processes are 
examples of other potential mechanisms that might 
control behavior independently of incentive processes 
(see Toates 339 for discussion and evidence). 

Incentive motivation appears to be the chief mecha- 
nism that controls behavior directed towards natural 
incentives such as food, water and a potential mate and 
towards more artificial incentives, such as self-adminis- 
tered drugs and reinforcing electrical brain stimula- 
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tion 30 * 339 In the context of addiction, incentive motiva- 
tion and'appetitive motivation are synonymous: that is, 
appetitive motivation works primarily through incen- 
tive processes 339 . Incentive motivation directed towards 
particular stimuli results from the outcome of a three- 
stage process. First, the neural substrates for pleasure 
are activated by the consequences of a particular act or 
event. Second, pleasure is associated with the object, 
act, event or place in which pleasure occurs by the 
processes of classical associative learning. Third, 
salience is attributed to subsequent perceptions and 
mental representations of the associated object, act, 
event or place, by a separate neural system from those 
responsible for the first two processes. This third pro- 
cess of salience attribution (incentive salience) is pro- 
posed here to involve dopamine. The attribution of 
incentive salience causes the associated situation to 
become attractive and 'wanted' and it is this psycholog- 
ical process that produces the direct manifestation of 
incentive motivation: goal-directed seeking and instru- 
mental behavior. 

Incentive salience. Refers to the attractiveness of exter- 
nal stimuli, events, places and their mental representa- 
tions; their ability to capture attention (also see Fig. 2). 
The term, incentive salience, applies always to the 
perception of external events and to internal represen- 
tations of those events. Incentive salience must be 
actively generated (attributed) by the brain and as- 
signed to particular perceptions and representations, 
based on their association with past activation of 
mesotelencephalic dopamine systems. For any given 
stimulus incentive salience will vary at different times 
depending upon changes in learned associations re- 
garding the stimulus, the internal state of the perceiver 
and most specifically, the degree of activation of the 
dopamine systems that mediate incentive salience. In- 
centive salience is one of a number of psychological 
mechanisms that can produce direct behavior (other 
mechanisms include drive reduction and goal-directed 
computational algorithms that do not depend on mod- 
ulated perception of the goal; see Toates 339 ). Incentive 
salience constitutes one component of the complex 
process of incentive motivation. Although the assign- 
ment of incentive salience to an event normally is 
triggered by a pleasurable experience, manipulations of 
dopamine systems can disconnect incentive salience 
from pleasure and alter incentive salience indepen- 
dently. It is hypothesized that the attribution of incen- 
tive salience to an event or representation is an uncon- 
scious process; only the product of this process, the 
perception of the object as 'wanted', is interpreted and 
consciously experienced. 



Incentive stimuli (incentives). Stimuli that have been 
attributed with incentive salience. The perception and 
mental representation of these stimuli are transformed 
as a consequence and as incentive stimuli they become 
salient, attractive, 'wanted', and approached. The terms 
natural incentives and artificial incentives are also used. 
The 3-stage process described for incentive motivation 
evolved to enable animals and humans to recognize 
and respond to 'natural' incentives. By natural incen- 
tives we mean stimuli such as food, water, social and 
sexual partners, thermal and tactile sensations, which 
have been endowed by evolution with the capacity to 
elicit pleasure and incentive salience under particular 
conditions (e.g., under certain hormonal conditions). 
Most natural incentives exert their effects via sensory 
receptors. 'Artificial' incentives, on the other hand, 
such as addictive drugs or electrical brain stimulation, 
bypass sensory receptors and activate the component 
processes of incentive motivation more directly. Most 
incentive stimuli are conditioned incentive stimuli: 
stimuli that have become incentives as a consequence 
of associative learning during the three-stage process 
described for incentive motivation. Conditioned incen- 
tive stimuli not only include the arbitrary lights and 
sounds used in laboratory experiments (e.g.. an audi- 
tory tone that signals food delivery), but also the stimu- 
lus configurations that must be learned through experi- 
ence that allow natural incentives to be recognized 
(e.g., the sight of a delectable food; the sound of a 
loved one's voice). Conditioned incentive stimuli are 
often referred to as conditioned rewards (see below), 
secondary rewards or secondary reinforcers (see below). 
'Liking'. See Pleasure. 

Negative reinforcement. See Reinforcement). 
Pleasure and 'liking'. These are used in accordance 
with their usual English meaning, which refers to the 
subjective experience of a sensation as pleasurable or 
hedonic and the underlying evaluative and neural pro- 
cesses that directly produce this subjective experience. 
The opposite of aversion (see above). Pleasure is usu- 
ally the first stage of the larger process of incentive 
motivation (together with incentive salience and asso- 
ciative learning) and serves as the normal trigger that 
activates components of associative learning and incen- 
tive salience. By itself, however, pleasure is not equiva- 
lent to either reward or 'wanting': it is merely a subjec- 
tive experience or feeling. The evaluation of the sensa- 
tion that produces pleasure is pre-conscious; only the 
product, the subjective pleasure, is experienced. In the 
present paper and in the context of addiction, the term 
pleasure is used synonymously with the terms eupho- 
ria, hedonia or positive affective state. 
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Positii e affccth r sta tc. (see Pleasure). 
Positive reinforcement, (see Reinforcement). 
Reinforcement A purely behavioral and descriptive 
term for the relationship between the occurrence of a 
stimulus and changes in the subsequent probability of 
the behavior that preceded it. Reinforcement denotes 
a change in the probability of a behavior (increased or 
decreased) that is contingent on presentation of stim- 
uli. Reinforcement does not offer either a psychologi- 
cal explanation or a physiological explanation of why 
the probability of a behavior is changed; it merely 
notes the existence of the change. Reinforcement can 
be positive or negative. Positive reinforcement refers to 
increases in the probability of emission of a behavior 
produced by subsequent presentation of a stimulus (the 
positive reinforcer). In the context of addiction the 
term positive reinforcement is sometimes used both in 
its proper descriptive sense and sometimes in the theo- 
retical or explanatory sense of reward (see below), 
where the pleasure produced by a drug is implicitly 
assumed as a psychological explanation for the change 
in behavior. In order to avoid ambiguity in the present 
paper we use positive reinforcement only in its proper 
descriptive sense. Negative reinforcement refers to in- 
creases in the probability of emission of a behavior 
produced by subsequent omission or termination of a 
stimulus. For example, in the context of addiction, 
drugs may act as negative reinforcers by relieving the 
distress of drug withdrawal. 

Reward. The word reward is used in the literature in 
many different ways and for the most part we avoid the 
term. For us, the process of reward is essentially equiv- 
alent to the process of incentive motivation; that is, 
reward refers to the process of creating incentives (or, 
as a noun, a stimulus that triggers this process). Re- 
wards (or incentives) cause future behavior to be 
changed in a goal-directed fashion so as to obtain again 
the situation or stimulus that triggered the process. 
This process normally requires three separate stages. 
The first stage is the activation of pleasure by the 
consequences of a particular act or event. In the sec- 
ond stage pleasure is associated with a mental repre- 
sentation of the object, act, event or place in which 
pleasure occurred, by the process of classical (associa- 
tive) conditioning. The third stage involves the attribu- 
tion of incentive salience to subsequent perceptions 
and representations of the associated object, act, event 
or place, which causes them to become 'wanted'. Stim- 
uli that signal the availability of the incentive become 
attractive. Acts that led to the situation in the past are 
likely to be repeated. New acts, which the animal or 
person can predict (cognitively) will lead to the incen- 



tive in the future, are likely to be produced. If the 
three stages of normal reward (pleasure, associative 
learning, incentive salience) are separated, the process 
remains incomplete. Some separations have been 
achieved by brain manipulations; others are useful 
simply as illustrative 'thought experiments'. If the first 
stage of pleasure is activated without associative learn- 
ing or salience attribution, then it is merely an isolated 
hedonic experience that remains unconnected to other 
events in the world or to subsequent behavior. If the 
first two stages occur alone so that pleasure is activated 
in conjunction with associative learning only, then asso- 
ciative conditioning of pleasure will occur to the associ- 
ated events, but they will not be attributed with incen- 
tive salience. The events will become 'liked', but they 
will not be 'wanted' (this separation may possibly be 
achieved by destruction of brain dopamine systems 28 ). 
Conversely, if the third stage, incentive salience, is 
activated alone, then 'wanting' arises in isolation from 
other processes. This may be achieved, for example, by 
a stimulating electrode that directly activates brain 
dopamine systems 27 . If salience attribution is magnified 
abnormally in conjunction with associative learning, 
but pleasure is not, for example, by the process of 
drug- induced sensitization discussed here, then the at- 
tribution of incentive salience becomes intensified and 
focused narrowly on the stimuli and acts associated 
with drug administration and they become pathologi- 
cally 'wanted' (craved). This may be considered a type 
of 'sham reward', which shapes instrumental behavior 
and creates craving, but is dissociated from pleasure. 
Viewed from the outside, the behavior produced by 
sham reward and natural reward is identical on all 
measures of 'wanting' or instrumental performance. 
Only behavioral measures that are specifically sensitive 
to pleasure - rather than wanting - will identify sham 
reward (without pleasure) as distinct from natural re- 
ward (triggered by pleasure). 

Salience. A salient stimulus is a stimulus that has been 
(or is being) attributed with incentive salience (see 
above). Salience refers to the feature(s) of the percept 
or representation of a stimulus that makes it highly 
noticeable and difficult to ignore. A salient stimulus is 
not merely more obvious, but it also becomes 'wanted' 
and attractive because, according to our usage, it is 
incentive salience that is attributed to the percept or 
mental representation (but see Note 9 in Ch. 6 on 
aversive salience). 

Salience attribution, (see Incentive salience; Incentive 
motivation). 

Secondary reinforcers. (see Incentive stimuli) 
Wanting: (see Craving/wanting'). 
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Mechanisms of alcohol craving and their clinical implications. 

Singleton EG , Gorelick DA . 

Behavior Therapy Treatment Research Center, Johns Hopkins University 
School of Medicine, Baltimore, Maryland 21224, USA. 

Craving for alcohol is frequently given as a reason for drinking and is often 
used as a surrogate measure in studies of alcoholism and its treatment. 
Despite this wide use, there is little consensus on what craving for alcohol 
means, the best way to measure it, what mechanism accounts for the urge to 
drink, or what is its true relationship to alcohol use. This chapter reviews 
theoretical and measurement issues about the possible mechanisms involved 
in craving for alcohol and the clinical implications of evidence supporting 
them. Until recently, most instruments for assessing craving assumed it was 
a univariate construct and usually contained only one or a few items. Several 
multi-item and multidimensional rating instruments have now been 
developed that offer the promise of more useful assessment of clinically 
relevant behavior. Most models of craving have assumed that a consistent 
and positive relationship exists between craving and drinking. The incentive 
sensitization model and the cognitive theory of drug use and drug urges may 
account better than the older models for the frequent clinical observation of 
a dissociation between craving and drinking. However, no single model or 
theory of craving accounts for the wide variation in findings reviewed here, 
suggesting that multiple mechanisms may be involved. A comprehensive, 
multidisciplinary approach is necessary to elucidate the nature of craving for 
alcohol and its implications for pharmacological and psychosocial treatment 
of alcoholism. 
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